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Psychological trauma – including exposure to intimate partner violence (IPV) – is highly 
prevalent in South Africa, and may result in posttraumatic stress disorder (PTSD) in a 
subset of individuals.  Pregnant women and new mothers are particularly vulnerable; 
and trauma exposure and PTSD in this sub-group may be associated with a number of 
adverse maternal-child sequelae including poor birth outcomes and impaired infant 
neurodevelopment.  Risk factors for psychological trauma exposure, and for subsequent 
PTSD, are likely to include environmental and genetic influences.  Given the high burden 
of trauma and related disorders, the unique genetic ancestry, and the relative paucity of 
empirical data, further work in South African populations is warranted.  This thesis 
aimed to investigate a number of questions about trauma and PTSD in the Drakenstein 
Child Health Study (an ongoing South African birth cohort study), including their risk 
factors, their impact on infant birth anthropometry and development, and their genetic 
correlations. 
Methods 
This thesis includes five publications, all presenting data from the Drakenstein Child 
Health Study.  Pregnant women were recruited from two clinics in the Drakenstein sub-
district – a peri-urban community outside Cape Town, Western Cape.  
Sociodemographic characteristics; psychosocial risk factors (including depression, 
stressful life events, psychological distress and alcohol and substance misuse); trauma 
exposure (childhood trauma, IPV and lifetime trauma); and PTSD were assessed using 
validated and reliable self-reported questionnaires, as well as diagnostic psychiatric 
interviews.  Birth anthropometry and infant neurodevelopmental outcomes were 
assessed by trained staff.  Genotyping was done using the PsychArray BeadChip from 
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blood DNA.  Linear and logistic regression models were used to determine the 
association between pertinent predictor and outcome variables, controlling for relevant 
confounders. 
Results 
Psychological trauma and lifetime PTSD each were found to be highly prevalent in this 
cohort. Recent life stressors were found to be significantly associated with lifetime 
trauma; while childhood trauma and recent stressors were significantly associated with 
PTSD.  Maternal trauma exposure was found to increase significantly the risk of poor 
infant anthropometry at birth.  Specifically, mothers who had been exposed to physical 
IPV during the past year were found to be more likely to deliver an infant with low 
birthweight; while those reporting lifetime trauma exposure were found to be at 
increased risk of delivering an infant with reduced head circumference-for-age z-scores 
(HCAZ) at birth.  Maternal trauma exposure and PTSD each were found also to be 
significantly associated with poor infant neurodevelopment at age 6 months.  Infants 
born to women reporting a history of past-year sexual IPV exposure were found to 
exhibit poorer fine motor development; while maternal PTSD was found to be 
significantly associated with poorer fine motor and adaptive behaviour (motor) 
development.  Among the 33 selected single nucleotide polymorphisms (SNPs) 
genotyped in this cohort, one SNP in the 3'-untranslated region (3’-UTR) of the regulator 
of the G-protein signaling 2 (RGS2) gene, rs4606, was found to be significantly 




Maternal trauma exposure and PTSD are highly prevalent in this cohort, and each may 
affect adversely birth anthropometry and infant neurodevelopment.  Environmental risk 
factors may include childhood or lifetime trauma, and stressful life events; while genetic 
risk may be conferred by variations in a SNP of the RGS2 gene.  In future, further large-
scale transgenerational studies in under-studied populations such as ours are needed to 
replicate our preliminary findings; and potentially to elucidate the neurobiology of PTSD 
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1.1 Psychological trauma and posttraumatic stress disorder (PTSD) in South 
Africa 
According to nationally representative studies, psychological trauma is highly prevalent in South 
Africa (Williams et al. 2004).  This may be due, in part, to our deep history of political 
segregation and violence (eg. Truth and Reconciliation Commission 1998), and to our current 
patterns of urbanization and population transition (Tacoli et al. 2015).  The South African Stress 
and Health Study (SASH) reported that nearly 75% of the sample of 4,351 adult South Africans 
(who were largely female and Black) had experienced at least one traumatic event in their 
lifetimes (Williams et al. 2007), and that more than a third had been exposed to some form of 
violence (Kaminer et al. 2008).  The Diagnostic and Statistical Manual, 5th edition (DSM-5) (APA 
2013) defines such exposure as: 
“Death, threatened death, actual or threatened serious injury, or actual or threatened sexual 
violence, as follows: 
1) Direct exposure, or 
2) Witnessing, in person, or 
3) Indirectly, by learning that a close relative or close friend was exposed to trauma.  If the 
event involved actual or threatened death, it must have been violent or accidental, or 
4) Repeated or extreme indirect exposure to aversive details of the event(s), usually in the 
course of professional duties (eg. first responders, collecting body parts; professionals 
repeatedly exposed to details of child abuse).” 
Intimate partner violence (IPV) is highly relevant in the South African context, with the SASH 
reporting a lifetime prevalence of 19% among female participants (Seedat et al. 2009).  IPV – 
and other traumatic events – may be associated with a range of adverse sequelae, including 
health-risk behaviours such as smoking and alcohol consumption (Gass et al. 2010; Jewkes 
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2002); and mental health disorders and psychopathological symptoms (Gass et al. 2010; 
Ellsberg et al. 2008; Pico-Alfonso et al. 2006).  Posttraumatic stress disorder (PTSD) is a trauma- 
and stressor-related disorder occurring in a subset of individuals who have been exposed to a 
traumatic event.  According to the DSM-5, PTSD is characterised by intrusive re-experiencing of 
the index trauma; persistent effortful avoidance of trauma-related stimuli after the event; 
negative alterations in mood and cognition; and hyperarousal with autonomic hyperactivity 
(APA 2013) – see Appendix 1 for full diagnostic criteria (p 177-178).  These symptoms usually 
occur within six months of the preceding trauma, and should be present for at least one month 
before a definitive diagnosis is made.  Although the SASH reported a lifetime prevalence of only 
2.3% among respondents (Herman et al. 2009), preliminary work by our study group in the 
Drakenstein Child Health Study maternal cohort (see Chapter 2 – General Methodology, p 9-21) 
has found that approximately a third of participants may be above threshold for PTSD (Koen et 
al. 2014).  Thus, the prevalence and public health burden associated with this disorder may be 
greater than has been recognised previously.  In this chapter, I shall explore briefly the known 
risk factors (environmental and genetic) of psychological trauma and PTSD, as well as the need 
for further work in low-middle income (LMIC) settings such as South Africa.  Thereafter, I shall 
provide an overview of the prevalence and transgenerational effects of trauma exposure and 
PTSD during pregnancy and the peripartum.  In each case, I shall outline how the publications 
included in this thesis will attempt to address the gaps in the current literature.  Finally, I shall 
present the research aim and specific objectives of this thesis. 
1.2 Environmental and genetic risk factors for psychological trauma and PTSD 
Risk factors for psychological trauma exposure, and for subsequent PTSD are likely to be 
complex and multifaceted.  In two meta-analyses of the predictors of PTSD in adults (Brewin et 
al. 2000; Ozer et al. 2003), it was found that peritraumatic psychological processes, prior 
trauma, reported childhood abuse, lack of social support and additional life stress all 
significantly increased the risk of developing this disorder.  Similar findings were reported in a 
recent systematic review by Ross and McClean (2006), who found that a history of prior mental 
health disorders (particularly major depression or generalised anxiety disorder) (Loveland et al. 
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2004; Czarnocka & Slade 2000; Wijma et al. 1997), as well as recent or lifetime trauma (such as 
sexual assault) (Loveland et al. 2004), may increase the risk of PTSD during pregnancy and the 
peripartum.  While such work is helpful in providing summarised and composite data in this 
field, similar studies from developing countries are relatively rare.  In this thesis, I shall present 
data from an ongoing South African birth cohort study – the Drakenstein Child Health Study.  
One research focus will be the prevalence of and risk factors for psychological trauma and PTSD 
in this cohort (Chapter 3 – Publication 1, p 22-41). 
Although it has been hypothesised that PTSD may be a normal response to unusually severe 
trauma (eg. Yehuda & McFarlane 1995), it is clear that not all traumatised individuals develop 
PTSD – a paradigm echoed in animal models of this disorder (Cohen et al. 2012).  Further, as 
PTSD is the only psychiatric disorder requiring an environmental impact for diagnosis, it is most 
likely to be understood as a function of environmental factors interacting with genetic 
vulnerability.  To date, family, twin and molecular studies have built a convincing case for 
heredity in the pathogenesis of PTSD.  This disorder has an estimated heritability of 30% to 46% 
(Skelton et al. 2012; Sartor et al. 2011, 2012; Brewin et al. 2000; True et al. 1993; Koenen et al. 
2008b).  Specific candidate genes found to confer risk include those in systems known to 
underlie the neurobiology of PTSD, such as the hypothalamic-pituitary-adrenal (HPA) axis.  
However, there remain little data on populations of African ancestry, the genomic structure of 
which is ancient and more varied.  This thesis will attempt to address this gap in the literature 
by investigating the association between published PTSD candidate genes and the development 
of PTSD among traumatised women in the Drakenstein cohort (Chapter 7 – Publication 5, p 116-
138). 
1.3 Psychological trauma and PTSD during pregnancy and the peripartum 
There is a compelling body of work documenting gender-specific differences in the aetiology, 
heritability, diagnosis and clinical presentation of trauma exposure and PTSD (Herman et al. 
2009; Kessler et al. 1995; Sartor et al. 2011; Darensburg et al. 2006; Ressler et al. 2011; Cohen 
et al. 2011; Olff et al. 2007; Williams et al. 2004; Tolin & Foa 2006).  Overall, females – 
particularly pregnant women and new mothers – have been found to be a highly vulnerable 
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subgroup (eg. Beck et al. 2011).  In their systematic review, Ross and McClean (2006) reported a 
higher prevalence of PTSD during pregnancy (7.7% in one study – Loveland et al. 2004) than has 
been reported in the general South African population (eg. Herman et al. 2009).  Exposure to 
psychological trauma and PTSD during pregnancy and the peripartum is likely to exert 
deleterious effects both on mother and child.  For example, in their sample of 101 women 
seeking prenatal care in Oahu, Hawaii, Morland and colleagues (2007) found that women with 
PTSD entering pregnancy were more likely to engage in high-risk health behaviours such as 
smoking, alcohol consumption, substance use and poor prenatal care.  Further, in their study of 
1,100 pregnant women recruited from obstetric clinics in inner-city New Haven, Connecticut, 
USA, Rogal and colleagues (2007) found that PTSD was significantly associated with increased 
odds of spontaneous abortion, preterm contractions and ectopic pregnancy.  Exposure to IPV 
(Murphy et al. 2001) or PTSD (Seng et al. 2011) during pregnancy each have been found also to 
be associated with low infant birthweight.  Further work on the effects of maternal trauma 
exposure or PTSD on birth outcomes is highly relevant in settings such as ours, given the high-
risk profile of mothers and children (UNICEF South Africa 2013).  Thus, a third research focus of 
this thesis will be on the association between trauma or PTSD, and altered infant 
anthropometry at birth (Chapter 3 – Publication 1, p 22-41; Chapter 4 – Publication 2, p 42-72). 
Loss of developmental potential in infancy is of particular concern in developing countries such 
as South Africa, as it has been estimated that more than 200 million children under 5 years fail 
to reach their potential in cognitive development in this setting (Grantham-McGregor et al. 
2007; Walker et al. 2007, 2011; Engle et al. 2007, 2011; Lake 2011).  This loss of potential is an 
indicator of the discrepancy between the current developmental level of a child, and the 
projected achievement that a he or she may have been expected to attain in a more nurturing, 
stimulating environment (Grantham-McGregor et al. 2007).  While there is evidence that PTSD 
may increase the risk of emotional regulation difficulties in infancy (Enlow et al. 2011); and that 
exposure to prenatal stress may affect adversely infant developmental outcomes (eg. Buitelaar 
et al. 2003; Laplante et al. 2008), no published work to date has investigated specifically the 
association between maternal PTSD and poor infant neurodevelopment.  This provides a fourth 
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important research question, which will be addressed in Chapter 5 – Publication 3 (p 73-99); 
and Chapter 6 – Publication 4 (p 100-115). 
1.4 Overview of thesis 
This will be a composite body of work including five publications, each reporting data from the 
ongoing Drakenstein Child Health Study (see Chapter 2 – General Methodology, p 9-21). 
1.5 Study aim 
This thesis aims to address various questions about trauma and PTSD in the South African 
context, including their prevalence in pregnant women, their impact on infant birthweight and 
development, and their genetic correlations. 
1.6 Study objectives and related publications 
As outlined above, there are four important gaps in the current literature, prompting five key 
research objectives: 
Objective 1: 
To investigate risk factors for maternal trauma and PTSD, and their association with adverse 
birth outcomes, in a cohort of mother-infant dyads in the Drakenstein sub-district, Western 
Cape, South Africa. 
Publication 1: 
Koen N, Brittain K, Donald KA, Barnett W, Koopowitz S, Maré K, Zar HJ, Stein DJ (2015) 
Psychological trauma and posttraumatic stress disorder: an exploratory investigation of risk 
factors and associations with birth outcomes in the Drakenstein Child Health Study. European 




To determine the prevalence of maternal trauma exposure (including IPV), and its association 
with low infant birthweight in the study cohort. 
Publication 2: 
Koen N, Wyatt GE, Williams JK, Zhang M, Myer L, Zar HJ, Stein DJ (2014) Intimate partner 
violence: associations with low infant birthweight in a South African birth cohort. Metabolic 
Brain Disease 29(2):281–299. 
 
Objective 3: 
To determine the association between maternal trauma exposure and poor infant 
neurodevelopment at age 6 months in the study cohort. 
Publication 3: 
Koen N, Donald KA, Wyatt GE, Zhang M, Myer L, Koopowitz S, Barnett W, Marais A, Adnams 
CM, Zar HJ, Stein DJ (2015) Prenatal alcohol use, intimate partner violence and other psychiatric 
symptoms and stressors as predictors of poor developmental outcomes in infancy in a South 




To determine the association between maternal PTSD and poor infant neurodevelopment at 
age 6 months in the study cohort. 
Publication 4: 
Koen N, Brittain K, Donald KA, Barnett W, Koopowitz S, Maré K, Zar HJ, Stein DJ (2015) Maternal 
posttraumatic stress disorder and infant developmental outcomes at age 6 months in the 
Drakenstein Child Health Study. British Journal of Psychiatry. 2015. In review. 
 
Objective 5: 
To determine the association between variants in specific candidate genes (which previously 
have been identified as being associated with the stress response and PTSD), and PTSD in this 
cohort. 
Publication 5: 
Koen N, Lori A, Koopowitz S, Maré K, Ramesar R, Zar HJ, Ressler KJ, Wingo AP, Stein DJ (2015) 
Association between RGS2 and posttraumatic stress disorder in a female cohort: results from 
the Drakenstein Child Health Study. Acta Neuropsychiatrica. In submission. 
 
The hypotheses of this thesis are as follows: 
a) We expect to find a notable prevalence of psychological trauma and of PTSD in this 
study sample. 
b) We expect to find significant associations between all or some of the known 
environmental risk factors, and/or the known stress-related genetic polymorphisms, 
with the presence of PTSD. 
c) We expect to find notable associations between maternal trauma and/or PTSD, and 
adverse birth and infant outcomes. 
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Despite the high burden of psychological trauma, the notable prevalence of PTSD, and the 
adverse intergenerational effects of maternal exposure to trauma and PTSD in LMIC countries 
such as South Africa, there remains a relative dearth of research emerging from these settings.  
Further, populations of African ancestry remain under-represented in work on the genetics of 
PTSD and related disorders.  Thus, studies such as those included in this thesis are warranted 
not only to enhance the neurobiological and scientific understanding of this disorder, but also 
potentially to inform public health and therapeutic interventions.  Transgenerational studies 
are of particular relevance, as these may be key to improving long-term infant and child health 
and development. 
The next chapter will provide an overview of the Drakenstein Child Health Study, as well as 
methodological details relevant to the thesis as a whole.  Chapters 3 to 7 each will comprise a 
publication which addresses a specific research objective (1-5), as outlined above.  Finally, 
Chapter 8 will present a general discussion for the thesis, including research limitations, 
recommendations for future work in the field, and concluding comments. 
 
 
NOTE: Minor adjustments to the format and structure of the original manuscripts 
have been made in order to maintain consistency, connectedness and clarity 







2.1 Drakenstein Child Health Study: overview 
The Drakenstein Child Health Study (DCHS) is an ongoing population-based birth cohort study 
investigating maternal and child health longitudinally in a poor, peri-urban sub-district in the 
Western Cape, South Africa, with a focus on paediatric lower respiratory tract infections (Zar et 
al. 2015).  The Drakenstein sub-district is located in Paarl, 60 km outside Cape Town.  This study 
site was selected for its accessibility, population (of stable but low socioeconomic status), high 
trauma burden and cost-free public health system.  It is also close in proximity to academic 
partners at the University of Cape Town and Red Cross Children’s Hospital.  Within the DCHS, 
longitudinal measurements of risk factors in seven key areas that may affect maternal and child 
health are undertaken, ie. environmental, infectious, nutritional, genetic, maternal, 
immunological and psychosocial (Zar et al. 2015). 
2.2 Study population 
The local community comprises approximately 200,000 residents, of primarily low 
socioeconomic status (Zar et al. 2015).  Unemployment and poverty-related risk factors such as 
malnutrition, alcohol misuse and informal living conditions are rife.  The target sample size of 
1000 mother-infant dyads was selected on the basis of feasibility and preliminary power 
analyses.  It is anticipated that this study sample will have significant statistical power to detect 
relative associations of at least 1.5-fold for prevalent risk factors (Zar et al. 2015), and will 
provide an adequate number of paediatric pneumonia cases (a primary aim of the DCHS). 
2.3 Participant recruitment and follow-up 
Pregnant women in their second trimester were approached randomly by trained study 
fieldworkers while awaiting their routine antenatal clinic visits.  Participant recruitment 
occurred at two primary care clinics in the Drakenstein sub-district – TC Newman (serving 
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primarily a Mixed-Race population) and Mbekweni (serving a mainly black African population).  
Pregnant women were eligible for enrollment if they were aged 18 years or older, were 
accessing one of the two primary health care clinics, were not intending to move out of the 
Drakenstein sub-district within the following year, and signed written informed consent.  
Thereafter, a number of ante- and postnatal study visits occurred – at these primary care clinics 
and at Paarl Hospital (at which all births occurred and hospital care was undertaken).  Two 
home study visits were also performed to investigate environmental risk factors.  Mother-child 
dyads will be followed until the children are at least 5 years old (Zar et al. 2015). 
2.4 Measures and variable calculation 
Comprehensive data including biomedical, environmental, psychosocial, demographic, physical 
and mental health of the mother-infant dyads are collected as part of the DCHS as a whole.  
Only those methodological aspects relevant to this thesis will be discussed here, Appendix 2 (p 
179-248) (see also Koen et al. 2014; Zar et al. 2015; Stein et al. 2015). 
a) MATERNAL ASSESSMENT 
Sociodemographics 
A questionnaire to assess socioeconomic status (SES) was adapted from the version used in the 
SASH (Myer et al. 2008) and assessed education and income; access to governmental financial 
assistance; household composition; and available amenities (including electricity, running 
water, electric stove and a functional telephone).  All items are particularly relevant to the LMIC 
setting and may affect maternal and newborn health and well-being.  For the purposes of this 
study, a composite score of SES was developed.  Four sociodemographic variables (as assessed 
by the SES questionnaire) were used to generate this score, ie. educational attainment; 
employment status; household income; and assets and market access.  Variables were 
extracted as follows: 
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i) Educational attainment: Participants with primary education only scored 0, those with 
some secondary education scored 1, those who had completed secondary education 
scored 2, and those with any tertiary education were assigned a score of 3. 
ii) Employment status: This variable was dichotomized, with those currently unemployed 
scoring 0, and those currently employed scoring 1. 
iii) Household income: Total household income of less than R1,000 per month was scored 
0, monthly income between R1,000 and R5,000 was scored 1, and households with an 
income greater than R5,000 per month were assigned a score of 3. 
iv) Assets and market access: A composite asset index was calculated as the sum of 
assets/infrastructure and market access.  In order to assess assets/infrastructure, 
participants were requested to indicate the availability of the following household 
resources and amenities (a score of 1 was assigned for each available item): electricity, a 
tap or running water, a domestic worker, a flush toilet inside, a built-in kitchen sink, an 
electric stove or hotplate, a working telephone (including cellphone), at least one motor 
car or truck, a motorcycle or scooter, and/or a bicycle.  The composite score for 
assets/infrastructure was then obtained by summing the individual item scores. 
Similarly, the total market access score was assessed by the following questionnaire 
items: shopping at supermarkets, using any financial services (such as bank account, 
ATM card or credit card) and/or having an account at a retail store (eg. Pep).  Again, 
each affirmative item was assigned a score of 1, and the total market access score 
derived by adding these individual scores. 
The grand total SES score was then generated as follows: 
Composite SES score = standardised income 
+ standardised education 
+ standardised assets 
+ (0.5 x employment) 
Participants were stratified into quartiles based on their relative SES score, ie. lowest, low-
moderate, moderate-high, and highest SES.  These quartiles were generated for the 
purposes of this study and represent an internal comparison for the study sample. 
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Planning of birth and partner support 
The Planning of Birth/Partner Support Questionnaire was developed for this study and adapted 
from questions used in the SASH (Myer et al. 2008) to assess the effect of varying degrees of 
social support in pregnant women.  Partner support and reliability were assessed on a likert 
scale from 1 (“not at all”) to 5 (“extremely”), with higher scores indicating greater support and 
reliability.  A continuous measure was generated based on a number of items which assessed 
broadly pregnancy intention, contraceptive use at the time of becoming pregnant, and support 
received from the partner.  Responses were then scored as either affirmative (1), indicating a 
greater degree of birth planning and/or support; or negative (0).  Thus, the higher the 
continuous score, the lower the maternal risk profile. 
Life stressors, trauma exposure and PTSD 
The World Mental Health Life Events Questionnaire is a 17-item tool which assesses exposure 
to stressful/negative life events during the past 12 months.  The questionnaire used in this 
study was adapted from those used in the SASH (Myer et al. 2008).  Individual items were 
scored as either “0” (having not occurred) or “1” (having occurred).  A total score was then 
obtained by summing the total number of life events that participants reported experiencing 
during the prior 12 months, with higher scores indicating greater exposure to stressful life 
events. 
The Childhood Trauma Questionnaire (CTQ) (Bernstein et al. 1994) is a 28-item inventory 
assessing three domains of childhood abuse (sexual, physical, and emotional), and two domains 
of childhood neglect (physical and emotional), occurring at or before the age of 12 years.  This 
questionnaire has shown excellent sensitivity and specificity in the classification of childhood 
abuse and neglect.  A five-point frequency of occurrence scale is utilized as follows: (1) never 
true, (2) rarely true, (3) sometimes true, (4) often true, and (5) very often true.  Thus, each 
subscale is scored on a spectrum from 5 (no history of abuse or neglect) to 25 (very extreme 
history of abuse and neglect).  Three items are included also as a Minimisation/Denial scale to 
detect potential under-reporting of abuse by participants.  These items are dichotomised (ie. a 
response of “never” is scored 0; all others are scored 1) and added, with a sum total ≥ 1 
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indicating possible under-reporting (Bernstein & Fink 1998; Villano et al. 2004).  In our sample, 
participants were allocated a total continuous score by summing individual items (excluding 
those comprising the Minimization/Denial scale).  Higher scores signified greater severity of 
abuse.  Further, participants were dichotomised into those with a history of childhood trauma, 
and those without.  Cut-off scores for each clinical domain as defined in the CTQ manual 
(Bernstein & Fink 1998) were used.  Participants scoring within the “none or minimal” range 
were defined as below threshold for a history of childhood trauma; those in any other category 
(ie. “low to moderate”, “moderate to severe” or “severe to extreme”) were defined as above 
threshold. 
The Intimate Partner Violence (IPV) Questionnaire used in this study was adapted from the 
WHO multi-country study (Jewkes 2002) and the Women’s Health Study (Zimbabwe) (Shamu et 
al. 2011) and assessed lifetime and recent (past-year) exposure to emotional, physical and 
sexual abuse.  Emotional abuse was assessed by the following items: being insulted or made to 
feel bad about oneself; being belittled or humiliated in public; being purposefully scared or 
intimidated; and being threatened.  To assess physical abuse, women were asked about a 
history of having been slapped or having had something thrown at them which could hurt 
them; being pushed or shoved; being hit with a fist or with something else that could hurt 
them; being kicked, dragged, beaten, choked or burnt; and being threatened with or actually 
abused with a gun, knife or other weapon.  Finally, sexual abuse was defined as having been 
physically forced to have sex when one did not want to; having sex with one’s intimate partner 
when one did not want to out of fear of what he might do; and/or having been forced to do 
something sexually that was degrading or humiliating.  A four-point frequency of occurrence 
scale was used: (1) never, (2) once, (3) few times, and (4) many times.  Scoring guidelines were 
devised for the purposes of this study, and were based on prior work in similar South African 
studies (Dunkle et al. 2004).  Participants were categorised as having had no exposure to IPV if 
all responses were “never”; having an isolated incident of IPV if one response was “once”; a low 
frequency of violence if they responded “once” to more than one item; a mid-frequency if they 
responded “a few times” to at least one item, but did not respond “many times” to any item; 
and a high frequency if there were any responses of “many times” in the questionnaire.  In 
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addition, those who responded that the violence had occurred during the past 12 months were 
categorised as having experienced recent (past-year) violence and dichotomised as “above 
threshold” for recent IPV, versus those below threshold, ie. with no recent exposure.  
Participants were also allocated continuous scores by summing individual items. 
The Modified Posttraumatic Stress Disorder Symptom Scale (MPSS) (Foa et al. 1993) is a 17-
item interview that was used as a rapid screening tool for PTSD in our study population.  This 
tool mirrors the DSM-IV criteria for PTSD (APA 2000) and has shown good psychometric 
properties with concurrent validity.  The MPSS was selected for use in this study due to its 
reasonably good diagnostic validity for PTSD.  Participants were requested to respond to each 
item on a four-point frequency scale, from 0 (absence of symptom) to 3 (symptom occurs five 
or more times per week/very much/almost always).  A final item was included to assess for 
duration of symptoms, with response options including < 1 month; 1 – 3 months; 3 months – 1 
year; and > 1 year.  As no MPSS cut-off score for PTSD has been established clearly (Binder et al. 
2008), the DSM-IV criteria were applied to the MPSS items to generate a proxy variable for 
PTSD diagnosis.  Those items assessing the re-experiencing symptom cluster were scored as 
“above threshold” if their sum totaled ≥ 1; avoidance/emotional numbing ≥ 3; and increased 
arousal ≥ 2.  Participants who scored above threshold across all three symptom clusters, and 
reported symptom duration of at least 1 month (scored ≥ 1 for item 18) were classified as 
“suspected PTSD cases”. 
The Mini International Neuropsychiatric Interview (MINI) is an abridged version of the 
Structured Clinical Interview for DSM-IV (Lecrubier et al. 1997; Sheehan et al. 1997, 1998).  This 
clinician-administered interview was used to obtain a more detailed phenotypic description of 
trauma exposure (as defined by the DSM-5 criteria (APA, 2013)) and of lifetime PTSD in this 
study sample, from a number of ante- and postnatal timepoints.  Based on their responses to 
the MINI items, participants were categorised as having no trauma exposure; being trauma-
exposed with no PTSD; and being trauma-exposed with PTSD. 
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Psychological distress and depression 
The SRQ-20 (Harding et al. 1980; Scholte et al. 2011) is a WHO-endorsed measure of 
psychological distress that has been used widely in international and South African settings, and 
has shown good reliability and high face validity (Harpham et al. 2003; Tuan et al. 2004; Rumble 
et al. 1996).  The SRQ-20 comprises twenty items, intended to assess for the presence of non-
psychotic symptoms, including symptoms of depressive and anxiety disorders.  These items 
were selected on the basis of a number of psychiatric assessment tools used in four different 
LMIC countries (Mari & Williams 1986).  Symptoms of depressive and anxiety disorders, as 
described in the DSM-IV, are included in the SRQ-20.  Participants were required to respond in 
the affirmative (scored 1) or negative (scored 0) for each item.  For our purposes, individual 
item scores were summed to obtain total continuous scores.  Further, participants were 
dichotomised as “high risk” (SRQ score > 8) or “low risk” (score ≤ 8).  While cut-off points vary in 
different cultural and geographical settings, the threshold score of 8 is used widely (Ventevogel 
et al. 2007; Harpham et al. 2003). 
The Beck Depression Inventory II (BDI-II) is a commonly-used and reliable screen for depressive 
symptoms (Beck et al. 1961, 1988, 1996a,b).  The BDI-II has shown good validity and internal 
consistency, for both psychiatric and non-psychiatric subjects (Beck et al. 1988, 1996b; Sprinkle 
et al. 2002).  Further, this tool has been validated in a low-income African-American sample 
with similar sociodemographic characteristics as our own (Grothe et al. 2005) and has been 
used in a number of studies conducted in South Africa (Kagee et al. 2014; Nel & Kagee 2013; 
Kagee & Martin 2010).  The BDI-II comprises 21 items, each assessing a symptom described in 
the DSM-IV criteria for major depression.  All items require participants to select one of four 
options, scored on a severity scale from 0 (absence of symptom) to 3 (severe symptom, often 
with functional impairment) and pertaining to the two weeks prior to the assessment, including 
the day of questionnaire administration.  Total scores are then obtained by summing individual 
item scores.  In an early publication, Beck and Beamesdefer (1974) stated that BDI scores 
should not be adhered to strictly for diagnostic status.  Rather, scores less than 10 should 
suggest the absence of a depressive disorder; those between 10 and 19, mild to moderate 
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depressive symptoms; between 19 and 29, moderate to severe symptoms; and that scores 
greater than 30 should indicate severe depression.  These authors also recommended that a 
threshold score of 12 – 13 would be appropriate for identifying depression in psychiatric 
patients, while a score of 9 – 10 could be used in medical patients (Beck & Beamesdefer 1974; 
Lasa et al. 2000).  For our purposes, BDI-II scores were taken as continuous measures (with 
higher scores indicating more severe depressive symptoms), as well as dichotomous variables.  
A cut-off score of ≥ 20 was used for dichotomising participants into “probable moderate/severe 
clinical cases” versus “probable sub-threshold participants”, as has been described elsewhere 
(Lasa et al. 2000). 
The Edinburgh Postnatal Depression Rating Scale (EPDS) (Cox et al. 1987) is a 10-item self-
report measure of recent depressive symptoms, which has shown good psychometric 
properties in validation studies (Eberhard-Gran et al. 2001).  This tool was developed originally 
for use in postnatal women, under the assumption that normal symptoms experienced during 
the perinatal period (eg. sleep and appetite changes) could be misattributed to a depressive 
disorder on many of the standard screening tools (including the BDI-II).  The EPDS assesses for 
the presence of mood changes characteristic of postnatal depression, within the week 
preceding questionnaire completion.  Each item is scored on a frequency scale, ranging from 0 
to 3.  As for the other measures of depression in this study, a continuous score was obtained by 
summing the individual items; the higher the score, the greater the symptom severity.  Further, 
participants were classified as “probable cases” if they scored > 13 on the EPDS.  This threshold 
has been used in similar studies conducted in the South African LMIC context (Hartley et al. 
2011). 
Substance use 
Substance use in this study sample was assessed using the Alcohol, Smoking and Substance 
Involvement Screening Test (ASSIST).  This tool was developed by the World Health 
Organisation (WHO) to detect psychoactive substance use and related disorders in primary care 
settings.  It has shown good reliability, feasibility and validity in international, multi-site studies 
(WHO ASSIST Working Group 2002; Humeniuk et al. 2008), and is useful for identifying 
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substance use in poly-substance abusers with varying degrees of psychopathology.  Seven items 
are included to assess alcohol and other drug use across ten categories (ie. tobacco products; 
alcoholic beverages; cannabis; cocaine; amphetamine-type stimulants; inhalants, sedatives or 
sleeping pills; hallucinogens; opioids; and a general category entitled “other”, in which the 
participant is required to specify the substance used).  Frequency of use is assessed for each 
substance, and responses scored accordingly.  The ASSIST commences with a screening 
questionnaire to assess lifetime use of alcohol and other drugs (AOD).  Individuals responding 
“no” to this question may then terminate the interview.  For those responding “yes” to any of 
the substances included, the remainder of the questionnaire need only be completed in 
relation to those substances.  Responses to questions 2 – 5 are scored on a five-point frequency 
scale, while questions 6 – 7 are scored on a three-point scale.  Question 8 assesses a history of 
intravenous drug use.  (A more complete description of the tool and its scoring can be found 
elsewhere – Newcombe et al. 2005).  Total scores are then obtained for each substance by 
summing the individual scores for questions 2 – 7 (inclusive), with a higher score indicative of 
greater risk for substance-related health problems.  Scores of 0 – 10 for alcohol and 0 – 3 for 
illicit drugs were used to indicate that a participant was at low risk for substance-related health 
problems from her current pattern of use; scores of 11 – 26 for alcohol and 4 – 26 for illicit 
drugs to indicate moderate risk; and scores > 26 to indicate that a participant was at high risk of 
experiencing severe problems as a result of her current pattern of use and was likely to be 
dependent (WHO 2010).  Participants were also assigned continuous scores for this assessment 
tool. 
Medical and reproductive risk 
Maternal medical and reproductive health was assessed using items from a standardised 
questionnaire developed for the DCHS (see Appendix 2 – Maternal Respiratory & Medical 
Enrollment Form, p 236-248).  Risk profiles were quantified based on a model previously 
described by Collins and colleagues (1993), who used a similar study population and 
prospective cohort design as in the DCHS; and on complementary work by Pagel and colleagues 
(1990) and Feldman and colleagues (2000).  HIV, tuberculosis, asthma, diabetes mellitus, 
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hypertension, cardiovascular disease, hyperemesis gravidarum, urinary tract infections and 
pelvic inflammatory disease are maternal biomedical conditions that may affect infant 
outcomes and thus were included.  Similarly, reproductive risk was ascertained using an 
assessment of parity, prior intra-uterine death, prior delivery of a low birthweight infant, prior 
premature birth, prior caesarean section, poor maternal weight gain during the current 
pregnancy, current multiple gestation, and sex of the newborn.  Further, maternal 
anthropometric measures taken antenatally and at regular postnatal intervals were included.  
Risk factors were scored as either present (1) or absent (0), and then summed to provide a 
continuous composite each for medical and for reproductive risk. 
b) NEWBORN/INFANT ASSESSMENT 
Anthropometry 
All babies included in this study were born at Paarl Hospital.  Trained clinical staff recorded 
weight, height and head circumference (HC) at birth and at infant age 6 months, and z-scores 
(standard deviation scores) were calculated.  Low birthweight (LBW) was defined as less than 
2,500g, according to the WHO parameters (WHO 2014).  Low weight-for-age z-score (WAZ 
score) was defined as a score less than or equal to 2 standard deviations below the mean 
weight-for-age value (WHO 1995).  Low head-circumference-for-age z-score (HCAZ score) was 
defined similarly.  The z-score classification system is advantageous as it is sex-independent, 
employs a linear scale, and enables a comparison of results across age groups and indicators. 
Gestational age 
Gestational age was recorded from early ultrasound measurements done during the second 
trimester (preferred method); inferred from maternal fundal height at enrollment; or calculated 
from the self-reported date of last known menstrual period (Stein et al. 2015).  Gestational age 
at delivery was then calculated in completed weeks of gestation, with infants categorised as 
small-for-gestational-age (SGA) or appropriate/large-for-gestational-age based on the revised 
Fenton preterm growth charts (Fenton & Kim 2013; Fenton et al. 2013).  Prematurity was 
defined as birth before 37 completed weeks’ gestation.  
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Developmental outcomes 
Markers of infant development were assessed using the Bayley Scales of Infant and Toddler 
Development, Third Edition (Bayley-III) (Bayley 2006a).  Scales were administered by two 
trained physiotherapists and one registered nurse, at infant age 6 months.  All administrators 
had extensive experience in paediatric clinical and research settings, and underwent in-house 
training and piloting prior to formal data collection.  A paediatric neurodevelopmental specialist 
visited sites regularly to ensure compliance with testing and standardised data collection, and 
completed protocols were checked randomly to ensure accuracy of scoring procedures.  
Individuals involved in Bayley-III administration were required periodically to complete an 
assessment under observation to ensure overall high-quality data collection. 
The Bayley-III assesses infant and toddler development across five scales, namely, cognitive, 
language, motor, socio-emotional and adaptive behaviour.  The language scale is subdivided 
further into receptive and expressive communication subtests; the motor scale into gross and 
fine motor subtests; and the adaptive behaviour scale into ten subtests, seven of which are 
applicable to infants younger than one year – communication, health and safety, leisure, self-
care, self-direction, social and motor.  The cognitive, language and motor assessments are 
conducted using items administered directly to the infant, while the socio-emotional and 
adaptive behaviour domains are assessed via a questionnaire completed by the primary 
caregiver.  This assessment tool has been used widely in LMIC settings (eg. Ballot et al. 2012), 
and remains a key measure of developmental milestones. 
The Bayley-III provides four types of norm-referenced developmental scores: scaled scores, 
composite sores, percentile ranks, and growth scores (Bayley 2006b).  For our purposes, scaled 
scores were calculated from captured total raw scores on each subtest using the specialised 
software Bayley-III Scoring Assistant Update Version 2.0.2 with Bayley-III PDA conduit 
(BayleyIII_PDA_2_0_2.exe).  Scaled scores represent a child’s performance on a subtest relative 
to his or her same-age peers and are sensitive to subtle differences in developmental outcomes 
(Bayley 2006c).  They are scaled to a metric with a range of 1 to 19, a mean of 10 and a 
standard deviation (SD) of 3.  According to the standard guidelines (Bayley 2006a,b,c), infants 
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scoring ≥ 1 SDs below the mean (ie. ≤ 7) in at least one subtest were classified as manifesting a 
clinically significant developmental effect.  This cut-off threshold was selected as children with 
performance falling below it are likely to have a clinically significant deficit in that area of 
development.  Dichotomous variables were used to demonstrate frequency distributions, while 
continuous variables were utilised in subsequent analyses. 
2.5 Ethical considerations 
The DCHS has been approved by the human research ethics committees of the Faculties of 
Health Sciences, University of Cape Town (UCT) (HREC REF: 401/2009) and Stellenbosch 
University (N12/02/0002) in South Africa; as well as by the Western Cape Department of Health 
(DoH) Provincial Research Committee (2011RP45), endorsing all research activities carried out 
at clinics and hospitals in the Drakenstein sub-district.  All on-site female fieldworkers had at 
least a Grade 12 school certificate, prior experience in collaborative psychiatric/psychological 
research and were fluent either in English and Afrikaans; or in English and isiXhosa.  Thus, they 
were able to administer questionnaires in the participants’ preferred language.  Further, 
fieldworkers received extensive in-service training on all aspects of Good Clinical Practice (GCP) 
(WHO 2002) prior to the commencement of data collection for the DCHS. 
a) INFORMED CONSENT PROCESS 
All participants were provided with a consent form describing the scope and aims of this study.  
Consent forms were provided in the participants’ home language, namely, English, Afrikaans or 
isiXhosa.  Only those who gave informed consent were included in the study.  Individuals who 
chose not to participate in the study were reassured that their decision would not bias them or 
be held against them at any future juncture.  Participants could also choose not to answer 
certain questions and still remain in the study, as long as exposure and diagnostic status could 
be determined reasonably.  They could also take breaks, if requested, to lighten the interview 
burden; and were free to terminate or reschedule the interview should the need arise.  
Refreshments (water, fruit juice and biscuits) were provided to alleviate participant fatigue 
during the assessment sessions. 
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b) PRIVACY AND CONFIDENTIALITY 
As participants were asked to divulge sensitive and potentially distressing information, a private 
consultation room was provided at each study site, and every effort was made by study staff to 
ensure a safe, confidential and supportive environment.  Completed forms were stored in a 
locked filing system at the study sites and/or with the data management team.  Although 
specific identifying data (such as full name and date of birth) were collected for tracking and 
study surveillance, all participants were given a unique identification (ID) number.  Thus, clinical 
data and DNA were coded without personal identifiers.  Clinical (ie. all non-genetic) information 
was maintained in a secure, password-protected web-based system designed by UCT, with 
strict rules of governance.  All questionnaires were anonymous and the web-based system was 
de-identified. 
c) REIMBURSEMENT FOR PARTICIPATION 
Each participant was compensated with R50.00 per study visit for her time and effort, which is 
typical for similar South African studies. 
 
The next chapter (based on Publication 1) will address the first research objective of this 
thesis, and will delineate risk factors for psychological trauma and PTSD in the Drakenstein 
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This chapter, assessing the variables which may confer increased risk for psychological trauma 
and PTSD in the DCHS cohort, as well as the association between trauma or PTSD and poor 
infant anthropometry at birth, will address Research Objective 1 of this thesis (see Chapter 1, 
Section 1.6 – Study objectives and related publications, p 5): 
To investigate risk factors for maternal trauma and PTSD, and their association with adverse 
birth outcomes, in a cohort of mother-infant dyads in the Drakenstein sub-district, Western 
Cape. 
This manuscript on which this chapter is based was submitted to a special issue of the European 
Journal of Psychotraumatology (EJPT), focusing on trauma and adversity among populations in 




Prenatal and peripartum trauma may be associated with poor maternal-foetal outcomes.  
However, relatively few data on these associations exist from LMIC countries, and populations 
in transition.  We investigated the prevalence of and risk factors for maternal trauma and PTSD, 
and their association with adverse birth outcomes in the DCHS, a multidisciplinary birth cohort 
investigation of the influence of a number of antecedent risk factors on maternal and infant 
health outcomes over time. 
Methods 
Trauma exposure and PTSD were assessed using diagnostic interviews; validated self-report 
questionnaires measured other psychosocial characteristics.  Gestational age at delivery was 
calculated and birth outcomes assessed by trained staff.  Multiple logistic regression explored 
risk factors for trauma and PTSD; while associations with birth outcomes were investigated 
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using linear regression.  Potential confounders included study site, SES, depression and smoking 
or alcohol use. 
Results 
544 mother-infant dyads were included.  Lifetime trauma was reported in approximately two 
thirds of mothers, with about a third exposed to past-year IPV.  The prevalence of 
current/lifetime PTSD was 19%.  In multiple logistic regression, recent life stressors were 
significantly associated with lifetime trauma, when controlling for SES, study site and recent 
IPV.  Childhood trauma and recent stressors were significantly associated with PTSD, controlling 
for SES and study site.  While no association was observed between maternal PTSD and birth 
outcomes, maternal trauma was significantly associated with a 0.3 unit reduction (95% CI: 0.1; 
0.5) in infant head-circumference-for-age z-scores (HCAZ scores) at birth in crude analysis, 
which remained significant when adjusted for study site and recent stressors in a multivariate 
regression model. 
Conclusions 
In this exploratory study, maternal trauma and PTSD were found to be highly prevalent; and our 
findings provide preliminary evidence suggesting that trauma may affect foetal growth 
adversely, as measured by birth head circumference.  However, these findings are limited by a 
number of methodological weaknesses, and further studies are required to extend findings and 
to delineate causal links, mechanisms of association, and interventions to optimise maternal 
and child health. 





Exposure to psychological trauma is highly prevalent in South Africa.  According to nationally 
representative data from studies such as the SASH, most individuals experience at least one 
traumatic event in their lifetimes, including criminal victimisation, witnessing atrocities and IPV 
(Williams et al. 2004; 2007).  PTSD is a debilitating stress-related psychiatric disorder affecting 
vulnerable individuals after traumatic exposure (APA 2013).  A focus on PTSD is particularly 
relevant in LMIC settings such as South Africa, given the high trauma burden and additive risk 
factor profile in this context. 
Findings from the National Comorbidity Survey (Kessler et al. 1995, 2005), a nationally 
representative study of 5,877 adults in the United States, indicated that women were overall 
more than twice as likely as men to develop lifetime PTSD (10.4% vs 5.0% prevalence, 
respectively).  Pregnant women and new mothers, in particular, comprise a highly vulnerable 
subgroup (eg. Beck et al. 2011; Zaers et al. 2008; Söderquist et al. 2009).  Prenatal trauma may 
place mothers at high risk of developing PTSD, and may result in a number of adverse maternal 
and foetal sequelae.  For example, in their prospective cohort study of 839 nulliparas in 
Michigan, USA, Seng and colleagues (2011) reported that infants born to women who had 
experienced PTSD during pregnancy had a mean birthweight 283g less than those who had not 
developed PTSD following trauma exposure.  Further, even the resilient (trauma-exposed) 
women were found to deliver infants with a mean birthweight 221g less than that of the non-
traumatised group.  PTSD was also found to be associated with shorter gestation in this cohort.  
Adverse birth outcomes such as these are important risk factors for poor growth and 
neurodevelopment in infancy and childhood. 
South Africa provides a unique context for further work in the field of psychological trauma 
exposure and consequent PTSD.  First, most individuals experience multiple traumatic events 
across their lifespan.  Second, gender- and pregnancy-specific trauma is rife, and is likely to 
exert a range of adverse intergenerational effects.  Third, ours is a population in transition.  
Despite a decline in recent years, the rate of urbanisation and of urban population growth in 
Sub-Saharan Africa remains among the highest worldwide (Tacoli et al. 2015).  Further, the 
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number of lifetime immigrants in South Africa increased from approximately 800,000 pre-2001, 
to almost 1.5 million between 2001 and 2011 (Statistics SA 2014).  The Western Cape was 
found to have the second highest provincial net-migration rate during this period.  Female 
migrants in particular may be at increased risk of gender-specific trauma such as violence, 
inadequate access to basic infrastructure and the burden of unpaid, unsupported care work.  
Finally, despite the high burden of trauma and subsequent effects, there remains a relative 
dearth of data in this field from LMIC populations in transition, such as ours.  Thus, the current 
study sought to investigate the prevalence of and risk factors for trauma and PTSD in a South 
African birth cohort study; and to explore associations with infant birth outcomes. 
3.2 Methods 
This study reports data from the DCHS – see Chapter 2 – General Methodology (p 9-21).  The 
analysis includes a sub-sample of mothers enrolled into the cohort between March 2012 and 
October 2014. 
Details of participant enrollment can be found in Chapter 2, Section 2.3 – Participant 
recruitment and follow-up (p 9-10); and ethical processes relevant to this study in Chapter 2, 
Section 2.5 – Ethical considerations (p 20-21). 
3.2.1 Measures 
All assessment tools have been described in detail in Chapter 2, Section 2.4 – Measures and 
variable calculation (p 10-20). 
For the purposes of this analysis, data pertaining to specific variables were collected as follows: 
Maternal assessment 
a) Sociodemographic characteristics – using the SES questionnaire designed for the DCHS. 
b) Psychosocial risk factors – using the World Mental Health Life Events Questionnaire 
(adapted from Myer et al. 2008), the Beck Depression Inventory (BDI-II) (Beck et al. 
1961, 1988, 1996a,b), the Edinburgh Postnatal Depression Rating Scale (EPDS) (Cox et al. 
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1987), the SRQ-20 (Harding et al. 1980; Scholte et al. 2011) and the WHO’s Alcohol, 
Smoking and Substance Involvement Screening Test (ASSIST) (WHO ASSIST Working 
Group 2002). 
c) Trauma exposure and PTSD – using the Childhood Trauma Questionnaire (CTQ) 
(Bernstein et al. 1994), the Intimate Partner Violence (IPV) Questionnaire (adapted from 
Jewkes 2002; Shamu et al. 2011), and the Mini International Neuropsychiatric Interview 
(MINI) (Lecrubier et al. 1997; Sheehan et al. 1997, 1998). 
Those women with a suspected high burden of psychiatric symptoms or stressors were referred 
to local routine service providers according to a structured standard operating procedure 
designed for the purposes of this study.  In summary, participants with suspected 
psychopathology (as defined by the assessment tools) were detected on-site by trained 
fieldworkers, and ultimately referred to the study medical officer (MO).  Following a psychiatric 
interview and risk assessment, the MO would then facilitate the most appropriate course of 
action for individual participants, including referral to emergency psychiatric services in Paarl.  
Further, educational pamphlets designed by the study team were made available to all 
participants.  These pamphlets included information on common mental health disorders, as 
well as contact details for freely accessible resources in the Drakenstein sub-district. 
Birth outcomes 
Anthropometric variables (weight, height and head circumference) at birth were measured by 
clinical staff at Paarl Hospital and z-scores and gestational age calculated as described in 
Chapter 2, Section 2.4 – Measures and variable calculation (p 18). 
For our purposes, most birth outcomes of interest (ie. birthweight, WAZ scores, head-
circumference-for-age and HCAZ scores) were expressed as both dichotomous and continuous 
variables, while SGA and preterm delivery were dichotomised.  The present analysis was 




3.2.2 Statistical analyses 
All data were analysed using Stata 12 (StataCorp Inc, College Station, Texas, USA).  Frequency 
distributions and medians (interquartile ranges) were used to describe sociodemographic 
variables of interest (age, marital status, income); childhood and adult trauma exposure and 
stressful life events; PTSD, depression and psychological distress; alcohol and substance use; 
and birth anthropometry/gestation.  Variables significantly associated with lifetime maternal 
trauma exposure; and, among trauma-exposed participants, with lifetime PTSD, were identified 
using χ2 tests for categorical variables and Wilcoxon rank sum tests (Mann-Whitney tests) for 
non-normally distributed continuous variables.  Odds ratios (OR) with 95% confidence intervals 
(CI) were calculated to determine the strength of these associations.  The associations between 
PTSD, potential confounders, birth anthropometric outcomes (WAZ, HCAZ, SGA) and 
gestational age at delivery were then explored.  The selection of relevant covariates was 
informed by model building based on directed acyclic graphs which were generated prior to 
conducting the analyses.  This was in order to differentiate between potential confounders 
versus mediating variables.  Variables significantly associated each with trauma exposure and 
with PTSD in bivariate analysis (at p < 0.05) were included in regression models to examine 
independent predictors of decreased WAZ, decreased HCAZ, SGA, and shortened gestational 




3.3.1 Maternal sociodemographic characteristics 
Between March 2012 and October 2014, 1,047 mothers were enrolled in the DCHS.  Those who 
had not yet given birth, and who had not yet completed the relevant ante- and postnatal 
assessments were excluded from the present analysis.  Data from an additional fourteen 
women who had experienced antenatal losses or stillbirths during this time were also omitted.  
Thus, data from 544 mothers and 546 infants (including two sets of twins) were included in the 
final analysis. 
Women had a median age of 26 years (interquartile range [IQR]: 21.9; 31.3), with most (62%) 
being unmarried, Table 3.1.  Although most women (89%) had received some high school 
education (Grades 8 – 12), the vast majority (80%) was unemployed.  While the overall SES of 
this study sample was low (87% reported a household income ≤ R5,000 per month), a site-
specific disparity was evident.  Almost 50% of participants at Mbekweni reported an average 
household income of less than R1,000 per month, versus 35% at TC Newman.  Notably, almost 
a third (32%) of the study sample reported being born outside of the Western Cape, while more 
than half (55%) at Mbekweni reported this.  Almost half (49%) of the study sample reported 
living in an urban setting, with 44% living in a township and only a minority (7%) residing in a 
rural area.  Approximately 20% of mothers were HIV infected. 
3.3.2 Psychosocial risk factors 
While the median (IQR) score for the measure of exposure to stressful life events in the past 12 
months was 1 (0; 3), psychological distress (as assessed by the SRQ-20) was reported in 20% of 
participants, and approximately a quarter was found to score above threshold on measures of 
depression (BDI-II: 22%, EPDS: 27%), Table 3.1.  Lifetime tobacco use was reported in a third of 
participants, with approximately 20% reporting smoking cigarettes during pregnancy.  While 
approximately a third of the sample also reported lifetime alcohol use, only 3% self-reported 
antenatal use.  It is noteworthy that a site-specific difference was found across a number of 
psychosocial parameters.  For example, 69% of participants at TC Newman reported lifetime 
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tobacco use, compared to only 5% at Mbekweni; while 46% smoked cigarettes during 
pregnancy (versus 2% at Mbekweni).  Similarly, 66% at TC Newman reported lifetime alcohol 
consumption, and 6% antenatal consumption; while only 10% and 1% reported lifetime and 
prenatal use, respectively, at Mbekweni, Table 3.1. 







Number of mothers 309 (57) 235 (43) 544 
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Age at enrollment – median [IQR] 26.8 [22.1; 32.3] 25.0 [21.6; 29.7] 25.8 [21.9; 31.3] 

















Employed 61 (20) 49 (21) 110 (20) 







































Psychosocial risk factors    
    
HIV-infected 113 (37) 8 (3) 121 (22) 
Median recent life events [IQR] 1 [0; 2] 2 [1; 4] 1 [0; 3] 
Lifetime tobacco use 15 (5) 162 (69) 177 (33) 
Antenatal tobacco use 6 (2) 110 (46) 113 (21) 
Lifetime alcohol use 31 (10) 156 (66) 187 (34) 
Antenatal alcohol use 4 (1) 14 (6) 18 (3) 
Depression – above threshold (BDI-II) 66 (21) 53 (23) 119 (22) 
Depression – above threshold (EPDS) 80 (26) 65 (28) 145 (27) 








    
 
 
3.3.3 Trauma exposure and PTSD – prevalence and risk factors 
Approximately a third of the study sample reported a history of childhood trauma (34%) and of 
exposure to recent (past-year) IPV (32%), respectively, Table 3.2.  Again, a notable site-specific 
difference was evident, with 43% of participants at TC Newman, versus 28% at Mbekweni 
having experienced childhood trauma; and 41% (TC Newman) versus 25% (Mbekweni) 
reporting past-year IPV exposure.  Lifetime trauma exposure was reported in approximately 
two thirds (67%) of the sample.  The prevalence of lifetime or recurrent PTSD (within the total 
sample) was 19%.  Notably, participants with PTSD were significantly more likely to meet 
diagnostic criteria for a major depressive disorder (OR: 6.7; 95% CI: 4.1; 11.1); suicidality (OR 
3.4; 95% CI: 2.1; 5.5); and alcohol dependence (OR 2.2; 95% CI: 1.0; 4.8). 
 




n (%)  
Total 
n (%) 
Childhood trauma – above threshold 86 (28) 101 (43) 187 (34) 
Recent IPV – above threshold 77 (25) 96 (41) 173 (32) 
Lifetime trauma exposure 202 (65) 164 (70) 366 (67) 
Lifetime or recurrent PTSD 
 





Crude analyses yielded significant associations each between recent IPV exposure, 
psychological distress, and recent stressful life events; and resultant trauma exposure in this 
study sample.  In a multiple logistic regression model, recent stressful life events remained 
significantly associated with trauma, when controlling for SES, study site and recent IPV, Table 
3.3. 
In a second crude analysis restricted to trauma-exposed participants only (n = 366), PTSD was 
significantly more likely to occur among participants reporting lower levels of education, 
childhood trauma, recent stressful life events, depression (above threshold on the BDI-II and 
EPDS) and psychological distress, Table 3.4.  In a multiple logistic regression model restricted to 
this traumatised sub-sample, childhood trauma and recent stressful life events remained 
significantly associated with PTSD, when controlling for SES and study site. 
3.3.4 Infant birth outcomes 
Fifteen percent of infants in the study sample were born preterm.  The median (IQR) 
birthweight was 3,080 (2,730; 3,420) g, and the median (IQR) head circumference at birth was 
34 (33; 35) cm.  On average, infants had a median (IQR) WAZ of -0.5 (-1.3; 0.1) and a median 
HCAZ of -0.5 (-1.2, 0.2), Table 3.5.  Notable site-specific differences were also observed across 
certain birth outcomes.  For example, the median (IQR) birthweight for infants at TC Newman 
(2,960 (2,610; 3,350) g) was lower than at Mbekweni (3,170 (2,830; 3,440) g).  Further, when 
dichotomising birth outcomes, it was found that the prevalence of LBW at TC Newman (19%) 
was higher than at Mbekweni (11%).  Similarly, there were differences in dichotomised WAZ 
and HCAZ scores, with the prevalence of low WAZ and HCAZ at TC Newman (11% and 12% 
respectively) higher than at Mbekweni (6% and 8%).  A higher proportion of infants was also 
born SGA at TC Newman (31%) than at Mbekweni (22%). 
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Table 3.3     Variables associated with lifetime trauma exposure (n = 544) 
Variable No trauma 




ratio [95% CI] 
 
P-value 














1.2 [0.9; 1.8] 0.277 
Reference 


















1.0 [0.6; 1.8] 
0.9 [0.6; 1.6] 





1.0 [0.6; 1.8] 
0.9 [0.5; 1.5] 













1.6 [1.1; 2.4] 0.023 
 
Reference 
1.4 [0.9; 2.1] 
 
0.107 
Median recent stressful life events [IQR] 1 [0; 2] 1 [0; 3] 1.2 [1.1; 1.3] 0.002 1.2 [1.0; 1.3] 0.008 






89 (82) 2.7 [1.6; 4.6] < 0.001   
 
Table 3.4     Variables associated with lifetime/recurrent PTSD among trauma-exposed participants (n = 366) 





ratio [95% CI] 
 
P-value 












1.0 [0.7; 1.6] 0.907 
 
Reference 


















1.4 [0.7; 2.8] 
1.9 [0.9; 3.7] 






1.4 [0.7; 2.9] 
1.6 [0.8; 3.2] 

















0.9 [0.5; 1.5] 










Childhood trauma  







1.8 [1.2; 2.9] 0.010 
 
Reference 























1.7 [1.1; 2.8] 0.025 
  

























Number of infants; sets of twins 311 (57); 2 235 (43); 0 546 
Female 163 (52) 107 (46) 270 (49) 
Median gestation at delivery [IQR] 39 [38; 40] 39 [38; 40] 39 [38; 40] 
Preterm birth (< 37 weeks) 51 (16) 32 (14) 83 (15) 
Median weight in grams [IQR] 3170 [2830; 3440] 2960 [2610; 3350] 3080 [2730; 3420] 
Low birthweight (< 2500g) 34 (11) 45 (19) 79 (14) 
Median WAZ1 [IQR] -0.4 [-1.2; 0.3] -0.8 [-1.5; -0.1] -0.5 [-1.3; 0.1] 
Low WAZ (WAZ of -2 or below) 19 (6) 27 (11) 46 (8) 
SGA 67 (22) 74 (31) 141 (26) 
Median head circumference in cm [IQR] 34 [33; 35] 34 [32; 34] 34 [33; 35] 
Median HCAZ2 [IQR] -0.3 [-1.1; 0.4] -0.6 [-1.3; 0.1] -0.5 [-1.2; 0.2] 
Low HCAZ (HCAZ of -2 or below) 
 
25 (8) 28 (12) 53 (10) 
1Weight-for-age z-score; 2Head-circumference-for-age z-score 
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3.3.5 Association between maternal trauma, PTSD and infant birth outcomes 
No association was observed between maternal PTSD and any of the birth outcomes in this 
study (ie. decreased WAZ score, decreased HCAZ score, SGA and preterm delivery).  However, 
crude analyses of the association between trauma exposure and adverse birth outcomes 
revealed that maternal trauma was significantly associated with a 0.3 unit reduction in infant 
HCAZ scores at birth (95% CI: 0.1; 0.5), Table 3.6.  This association remained significant when 
adjusted for study site, SES and recent life stressors (Table 3.6, adjusted model A) in a 
multivariate regression model; and tended towards significance when additionally adjusted for 
WAZ score at birth (Table 3.6, adjusted model B).  Antenatal alcohol use and smoking were not 
included in the final regression models due to temporality.  In this analysis, both trauma 
exposure and PTSD were assessed over the course of the participants’ lifetimes.  However, data 
on alcohol use and smoking were derived only from the antenatal maternal assessment.  Thus, 
it is likely that these variables acted as mediators, rather than confounders, in the relationship 
each between trauma, PTSD and adverse birth outcomes. 
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(A) Model without 






(B) Model with 
adjustment for 
WAZ: Regression 








-0.3 [-1.1; 0.4] 
-0.6 [-1.3; 0.1] 
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-0.3 (-1.0; 0.2] 
-0.5 [-1.3; 0.1] 
-0.5 [-1.5; 0.3] 
-0.4 [-1.2; 0.3] 
 
Reference 
-0.2 [-0.5; 0.1] 
-0.2 [-0.5; 0.1] 








-0.2 [-0.5; 0.1] 
-0.2 [-0.5; 0.1] 








-0.04 [-0.3; 0.2] 
-0.005 [-0.2; 0.2] 










-0.4 [-1.2; 0.4] 
-0.6 [-1.3; 0.1] 
 
Reference 




    




-0.4 [-1.2; 0.3] 
-1.3 [-1.8; -0.6] 
 
Reference 




    
IPV exposure 
No recent IPV 
Any recent IPV 
 
-0.3 [-1.2; 0.4] 
-0.6 [-1.3; 0.1] 
 
Reference 




    
Recent life events  -0.1 [-0.1; -0.03] 0.001 -0.1 [-0.1; -0.0003] 0.049 -0.03 [-0.1; 0.01] 0.150 






-0.2 [-1.2; 0.5] 
-0.6 [-1.3; 0.1] 
 
Reference 
















1Head-circumference-for-age z-score; 2Weight-for-age z-score 
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3.4 Discussion and conclusions 
The key findings of this exploratory investigation of maternal psychological trauma, PTSD and 
associated birth outcomes were (1) the majority of women had experienced at least one 
lifetime traumatic event, including childhood abuse and/or IPV, with a notable prevalence of 
PTSD; (2) childhood trauma and recent stressful life events were each significantly associated 
with PTSD, when controlling for SES and study site; (3) although infant anthropometric markers 
at birth were within the WHO “normal” range, there was a notable site-specific difference 
across a number of parameters, with infants born to mothers from TC Newman fairing more 
poorly overall; (4) while no associations were observed between PTSD and subsequent birth 
outcomes, maternal psychological trauma was found to be significantly associated with a 
reduction in HCAZ scores at birth, when controlling for a number of potentially confounding 
variables. 
The high trauma burden in our study sample is largely in line with the local and international 
literature.  For example, while the National Comorbidity Survey (NCS) reported that 
approximately 60% of men and 50% of women had been exposed to at least one traumatic 
event (Kessler et al. 1995), findings from the SASH indicated that nearly 75% of South Africans 
experienced some trauma during their lifetimes (Williams et al. 2007).  It is noteworthy, 
however, that the prevalence of PTSD in our sample (19%) was far higher than has been 
reported previously (eg. Herman et al. 2009; Kessler et al. 1995).  This may be due to a number 
of interrelated factors.  First, ours is a particularly at-risk population, with the prevalence of 
depression and substance use notably higher than those in the SASH (Herman et al. 2009).  
Both factors may predispose individuals to the development of PTSD following trauma 
exposure.  Second, our study sample comprises only women, of reproductive age.  PTSD 
exhibits a significant gender-bias, which may be related to environmental or neurobiological 
factors.  Third, the high level of internal migration and urban transition found in our study 
sample imposes an additive risk.  In addition to socioeconomic inequity, exposure to 
xenophobic behaviours (eg. Harris 2002), employment instability, and exclusion from 
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citizenship rights may place additional stress on migrant households and individuals (Tacoli et 
al. 2015). 
Childhood trauma and stressful life events each were found to be significantly associated with 
the development of PTSD.  The role of early negative life events in precipitating or exacerbating 
psychological disorders in adulthood has been well-documented (eg. Yehuda et al. 2001b).  For 
example, in her study of 1,196 victims of substantiated child abuse and neglect from 1967 to 
1971 in a Midwestern metropolitan county area, USA, Widom (1999) reported that childhood 
victimisation was associated with an increased risk of lifetime and current PTSD, with 37.5% of 
the victims of childhood sexual abuse, 32.7% of those physically abused, and 30.6% of the 
victims of childhood neglect meeting the DSM criteria for lifetime PTSD.  This association may 
be underpinned by revictimisation of the survivors of childhood maltreatment (eg. Messman-
Moore & Long 2003); as well as by neurobiological alterations such as hyperactive stress 
reactivity and exaggerated HPA-axis functioning (Heim et al. 2009).  Further, in the two meta-
analyses of the predictors of PTSD in adults (Brewin et al. 2000; Ozer et al. 2003 – see Chapter 
1, Section 1.2 - Environmental and genetic risk factors for psychological trauma and PTSD, p 2), 
it was found that prior trauma and additional life stress each significantly increased the risk of 
developing this disorder. 
In our sample, measures of infant anthropometry at birth were found to be within the normal 
range according to the WHO child growth standards (WHO 2014).  This may be accounted for 
by the relatively high level of education amongst our maternal study population, as well as by 
the perinatal care and health promotion inherent in a longitudinal study such as ours.  
However, the site-specific difference in birth anthropometry (with poorer outcomes at TC 
Newman) may be attributable to the discordant risk factor profile between the two sites (see 
also Chapter 4 – Publication 2, p 66-67).  For example, the prevalence of maternal lifetime and 
prenatal tobacco or alcohol use, as well as of childhood trauma and past-year IPV, all were 
found to be higher at TC Newman than at Mbekweni, which is in line with the poorer birth 
outcomes at TC Newman. 
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In contrast to a notable evidence base of the adverse effects of prenatal psychological trauma 
on birth outcomes, neither maternal trauma nor PTSD was significantly associated with a 
reduction in most anthropometric measures, or in a shorted gestational length in these data.  In 
their recent systematic review of 49 peer-reviewed studies assessing the effect of disasters on 
pregnancy outcomes, maternal mental health and child development, Harville and colleagues 
(2010) concluded that a major concern for pregnant women exposed to disaster relates to 
decreased foetal growth, particularly in the most directly exposed women.  Similarly, there is a 
large body of work documenting the association between maternal stress or distress, and 
outcomes such as low birthweight and preterm delivery.  In their prospective, population-based 
study of 5,872 women with singleton pregnancies attending an antenatal care clinic in 
Denmark, Hedegaard and colleagues (1993) reported that – compared to low psychological 
distress – the relative risk of preterm delivery for moderate distress during late pregnancy was 
1.22 (95% CI 0.84; 1.79), and for high distress was 1.75 (95% CI 1.20; 2.54).  Further, there is 
evidence that maternal exposure to prenatal life event stress may be associated with a notable 
decrease in infant birthweight, independent of biomedical risk (Wadhwa et al. 1993).  In their 
longitudinal cohort study of 1,100 pregnant women recruited from prenatal clinics in inner-city 
New Haven, Connecticut, Rogal and colleagues (2007) also reported that preterm delivery was 
nearly three times more likely in participants with PTSD, versus those without (OR = 2.72, 95% 
CI: 0.91, 8.14). 
The discrepancy between our study findings and this compelling body of published work may 
be due to our limited power to detect smaller effect sizes; to our use of different assessment 
tools, each with measurement biases that may have reduced our ability to detect associations; 
to our LMIC study setting (in contrast to the high-income populations investigated in most prior 
work); or to the temporality of risk factors (eg. “recent”, or past-year trauma may have pre-
dated pregnancy).  While we did not investigate associations of low infant birthweight in the 
current analysis, maternal trauma was found to be significantly associated with reduced head 
circumference z-scores (HCAZ) at birth in our final multivariate model.  This is in line with one 
study (Engel et al. 2005) which found that women with posttraumatic stress symptomatology 
resulting from the World Trade Centre Attacks were more likely to deliver infants with reduced 
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head circumference at birth (beta=-0.07, SE=0.03, P=0.01).  It may also be seen as 
complementary to another prior study by our group, demonstrating that maternal depression is 
significantly associated with reduced HCAZ scores in the Drakenstein cohort, when adjusted for 
study site, SES, and recent stressful life events (Brittain et al. 2015).  Taken together, these 
findings suggest that different maternal risk factors, measured by a range of assessment tools 
(each with unique biases) and acting through diverse mediators, may contribute to the 
heterogeneity of observed associations with infant birth outcomes in this vulnerable study 
population. 
In fact, it is likely that a number of mediators underlie the association between maternal 
psychological trauma and reduced foetal head growth.  From a neurobiological perspective, it is 
hypothesised widely that stress activates both the HPA axis and the sympathetic nervous 
system (SNS) (eg. Vermetten & Bremner 2002).  Thus, elevated levels of corticotrophin 
releasing hormone (CRH), adrenocorticotropin hormone (ACTH) and cortisol – consistent with a 
hyperactive stress response – may contribute to foetal growth restriction, as has been 
documented (eg. Wadhwa et al. 2008; Challis et al. 2001).  Further, abnormally elevated levels 
of adrenaline and noradrenaline (characteristic of SNS hyperactivation) may be associated with 
increased uterine artery resistance, likely mediated by sympathetic vasoconstriction (Teixeira et 
al. 1999). Intra-uterine growth restriction in turn may result from impaired transplacental blood 
flow (Bower et al. 1993). 
Limitations of the current study include potential recall bias resulting from self-reported 
maternal data; and limited generalisability of findings due to the relative homogeneity of the 
study sample.  While clinician-administered assessment tools (ie. the MINI) were employed to 
supplement self-reported findings, some of these assessments were completed at a timepoint 
after the index infants’ birth, thus potentially complicating the temporality of the associations.  
Further, as this study was conducted in a peri-urban region of low SES, the study sample may 
not be generally representative of South Africa.  Another limitation of the current study is the 
strong likelihood of unmeasured and residual confounding.  For example, while we adjusted for 
the effect of study site and SES in our analysis, the standardised conceptualisation and accurate 
measurement of the latter variable remains highly challenging (Oakes & Rossi 2003; Ndhlovu & 
41 
Khalema 2015); and even good measures are likely to retain some residual confounding 
(Kaufman et al. 1997). 
Despite its limitations, our study constitutes a novel exploratory investigation of the prevalence 
of and risk factors for psychological trauma and PTSD during pregnancy, as well as associated 
birth outcomes, in a LMIC population in transition.  However, given the high prevalence of PTSD 
found in our sample; as well as the methodological shortcomings of the current study, there is a 
clear need for further research in settings such as ours, focused on the association between 
stressful life events, traumatic exposure, and consequent PTSD.  Adequate detection and 
appropriate treatment of trauma-exposed individuals in the pre- and peripartum period would 
be helpful to curb the detrimental effects on mother and child.  Further, longitudinal follow-up 
of maternal psychological risk, mother-child attachment and measures of developmental and 
child mental health will be important to evaluate the long-term functional effects of maternal 
trauma exposure.  In future, further work in this field would be useful to extend our findings, to 
delineate causal pathways and neurobiological mechanisms, and to inform appropriate 
maternal and child health interventions. 
 
In the next chapter – as per Publication 2 – associations between maternal exposure to recent 
IPV and subsequent delivery of an infant with low birthweight will be explored, thereby 
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Synopsis 
This publication, which investigates the burden of IPV in the DCHS maternal cohort, as well as 
its association with delivery of an infant with low birthweight (LBW), will address specifically 
Research Objective 2 of this thesis (see Chapter 1, Section 1.6 – Study objectives and related 
publications, p 6): 
To determine the prevalence of maternal trauma exposure (including IPV), and its association 
with low infant birthweight in the study cohort. 
This manuscript has been published in Metabolic Brain Disease, as follows: 
Koen N, Wyatt GE, Williams JK, Zhang M, Myer L, Zar HJ, Stein DJ (2014) Intimate partner 
violence: associations with low infant birthweight in a South African birth cohort. Metabolic 




Violence against women is a global public health problem.  Exposure to IPV during pregnancy 
has been associated with a number of adverse maternal and foetal outcomes, including delivery 
of a low birthweight (LBW) infant.  However, there is a paucity of data from LMIC countries.  
We examined the association between antenatal IPV and subsequent LBW in the DCHS. 
Methods 
Antenatal trauma exposure was assessed using the Childhood Trauma Questionnaire (CTQ) and 
an IPV assessment tool specifically designed for the purposes of this study.  Potential 
confounding variables including maternal sociodemographics, pregnancy intention, partner 
support, biomedical and mental illness, substance use and psychosocial risk, were also 
assessed.  Bivariate and multiple regression analyses were performed to determine the 
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association between IPV during pregnancy and delivery of an infant with LBW and/or low 
weight-for-age z-scores (WAZ scores). 
Results 
The final study sample comprised 263 mother-infant dyads.  In multiple regression analyses, the 
model run was significant [r2 = 0.14 (adjusted r2 = 0.11, F(8, 212) = 4.16, p = 0.0001].  Exposure 
to physical IPV occurring during the past year was found to be significantly associated with LBW 
[t = −2.04, p = 0.0429] when controlling for study site (clinic), maternal height, ethnicity, SES, 
substance use and childhood trauma.  A significant association with decreased WAZ scores was 
not demonstrated. 
Conclusions 
Exposure of pregnant women to IPV may affect newborn health.  Further research is needed in 
this field to assess the relevant underlying mechanisms, to inform public health policies and to 
develop appropriate trauma and IPV interventions for LMIC settings. 
 




The prevalence of violence against women is exceedingly high in South Africa and globally 
(Devries et al. 2013).  IPV may be defined as behaviour by an intimate partner that causes 
physical, sexual or psychological harm, including acts of physical aggression, sexual coercion, 
psychological abuse and controlling behaviours (WHO 2013a).  In the WHO’s Multi-Country 
Study on Women’s Health and Domestic Violence against Women, García-Moreno and 
colleagues (2006) reported that the prevalence of lifetime physical and/or sexual IPV against 
women aged 15 – 49 (n = 24,097) across ten countries ranged between 15% and 71%.  Between 
4% and 54% of participants reported physical and/or sexual IPV in the past year. 
A similar trend is evident in the South African context.  According to a secondary analysis of 
data from the SASH, 31% of the study sub-sample (n = 1,229 married and cohabiting women) 
reported IPV exposure in their most recent intimate relationship (Gass et al. 2010).  Further, in 
their study of female homicides, Abrahams and colleagues (2009) reported that 50% of all 
murders committed were by current or previous intimate partners.  This translates to the 
highest reported intimate femicide rate globally – 8.8 per 100,000 women. 
In Africa, women of reproductive age constitute a particularly vulnerable subgroup, with 
prevalence rates of IPV during pregnancy ranging between 2% and 57% (meta-analysis yielded 
an overall prevalence of 15%) (Shamu et al. 2011).  These rates are among the highest 
worldwide.  IPV during pregnancy is of great societal and public health concern, in part because 
it may be associated with a range of adverse maternal and foetal sequelae.  Women exposed to 
IPV while pregnant may experience consequent physical and mental health outcomes including 
pregnancy loss, inadequate weight gain, depression and PTSD (Taillieu & Brownridge 2010; 
Martin et al. 2006; Rodriguez et al. 2008).  Adverse infant outcomes may include preterm 
labor/delivery and low birthweight (LBW) (Taillieu & Brownridge 2010; Covington et al. 2001; 
Murphy et al. 2001). 
LBW, in particular, is widespread and may be associated with a range of infant and childhood 
deficits (Aarnoudse-Moens et al. 2009; Harder et al. 2007).  With a global LBW rate (LBWR) of 
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approximately 15.5% (ie. over 20 million babies born weighing less than 2,500g worldwide) 
(UNICEF & WHO 2004), the vast majority of these cases occurs in LMIC regions.  In an early 
methodological assessment and meta-analysis of the determinants of LBW, Kramer (1987) 
reported three classes of risk factors, ie. unmodifiable factors with an established causal effect 
(eg. maternal reproductive history); factors with a casual effect that are modifiable in the short-
term (eg. maternal nutrition, pre-pregnancy weight and substance use); and causal factors that 
are modifiable in the long-term (eg. maternal SES).  Further, Kramer put forward that these 
factors exert their effect by increasing the risk for intra-uterine growth restriction (IUGR) and/or 
for shortened gestational duration, both of which are mechanisms of action for LBW.  In high-
income (HIC) countries, cigarette smoking was reported to be the major determinant of IUGR 
(and LBW), while poor gestational nutrition, decreased maternal anthropometry and maternal 
infection (malaria) were found to be most influential in LMIC regions.  While pre-pregnancy 
weight, prior history of prematurity and cigarette smoke were reported to have well-
established causal effects on decreased gestational duration, the majority of cases in HIC and 
LMIC countries was found to be unexplained. 
In their recent systematic review and meta-analysis of studies conducted in HIC regions (United 
States, Norway and Australia), Murphy and colleagues (2001) investigated the association 
between IPV during pregnancy and low infant birthweight.  These authors reported that 
women exposed to physical, sexual or emotional abuse during pregnancy were 1.4 times more 
likely to give birth to a newborn with LBW than those who were not abused (95% CI: 1.1; 1.8).  
There is some evidence that an association of similar strength may exist in LMIC countries.  For 
example, in their survey of 110 pregnant women delivering at a public hospital in Mexico, 
Valdez-Santiago and Sanín-Aguirre (1996) found that those who had experienced IPV during 
pregnancy were approximately four times more likely to deliver LBW infants (95% CI: 1.3; 12.3), 
and that the average birthweight of newborns of abused women was 540g less (p < 0.01 
adjusted by age and parity) when compared to those who had not experienced such violence.  
Similarly, in their study of 930 pregnant teenagers from a socioeconomically disadvantaged 
community in Sao Paulo, Brazil, Ferri and colleagues (2007) found that 21.9% of mothers 
reported a history of lifetime violence, with 2% having experienced IPV during pregnancy.  
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Further, it was found that violence during pregnancy was associated independently with LBW 
(prevalence ratio = 2.59, 95% CI: 1.05; 6.40). 
Unfortunately, despite the high burden of IPV, data from LMIC regions such as South Africa 
remain relatively sparse.  There is a need for further work in this area to delineate the 
association between this form of abuse and its many potential adverse outcomes.  Contextual 
factors particularly relevant to LMIC settings, such as sociodemographic variables, childhood 
trauma and stress-related psychopathology, may confound this association and should also be 
considered.  The purpose of this analysis was to determine whether there is an association 
between exposure to physical, emotional and/or sexual IPV during pregnancy and subsequent 
delivery of an infant with LBW in the context of a South African community setting, while 




This study reported data from the DCHS.  At the time of manuscript preparation, the DCHS was 
ongoing.  Data collection had commenced in March 2012.  Details of participant enrollment can 
be found in Chapter 2, Section 2.3 – Participant recruitment and follow-up (p 9-10). 
4.2.1 Measures 
All assessment tools have been described in detail in Chapter 2, Section 2.4 – Measures and 
variable calculation (p 10-20).  For the purposes of this analysis, data pertaining to specific 
variables were collected as follows: 
Maternal assessment 
a) Sociodemographic characteristics and planning of birth/partner support– using 
questionnaires developed specifically for the DCHS. 
b) Stressful life events, trauma exposure and PTSD – using the World Mental Health Life 
Events Questionnaire (Myer et al. 2008); the Childhood Trauma Questionnaire (CTQ) 
(Bernstein et al. 1994); the Intimate Partner Violence (IPV) Questionnaire (adapted from 
Jewkes 2002; Shamu et al. 2011); and the Modified Posttraumatic Stress Disorder 
Symptom Scale (MPSS) (Foa et al. 1993). 
c) Psychological distress and depression – using the SRQ-20 (Harding et al. 1980; Scholte 
et al. 2011); Beck Depression Inventory II (BDI-II) (Beck et al. 1961, 1988, 1996a,b); and 
the Edinburgh Postnatal Depression Rating Scale (EPDS) (Cox et al. 1987). 
d) Substance use – using the Alcohol, Smoking and Substance Involvement Screening Test 
(ASSIST) (WHO ASSIST Working Group 2002; Humeniuk et al. 2008). 
e) Medical and reproductive risk – using a standardised questionnaire developed for the 





Newborn anthropometric variables (birthweight and WAZ score) were measured and calculated 
as described in Chapter 2, Section 2.4 – Measures and variable calculations (p 18).  For our 
purposes, both outcomes of interest (ie. LBW and low WAZ scores) were expressed as 
dichotomous and continuous variables. 
4.2.2 Ethical considerations 
Full details of ethical approval for these research activities may be found in Chapter 2, Section 
2.5 – Ethical considerations (p 20-21).  This analysis was also approved by the institutional 
review board of the University of California, Los Angeles (UCLA). 
Following written informed consent, those women who wished to participate were asked to 
complete a battery of measures described above.  On-site female fieldworkers administering 
these measures were selected according to criteria previously found to affect women’s 
willingness to divulge information about IPV exposure (Jansen et al. 2004), including multi-
cultural and interpersonal rapport, empathy and non-judgmentalism, emotional maturity and 
sensitivity to the complex psychosocial issues relating to IPV.  Those involved directly in IPV-
related data collection underwent additional specialised training based on the WHO clinical and 
policy guidelines (WHO 2013a) and on the programme designed for the WHO Multi-Country 
Study on Women’s Health and Domestic Violence (Jansen et al. 2004).  This training included 
aspects of women-centred care and first-line support for those reporting IPV (eg. gender 
sensitivity and help in accessing resources and mobilising social support); as well as basic 
knowledge of IPV, including its causes, characteristics, impact and laws relevant to victims of 
abuse.  Powerpoint presentations, instructional handouts and manuals, role-play sessions and 
directly observed interviews served as adjuncts to the basic training framework. 
4.2.3 Sample size 
At the time of this analysis, a total of 566 women had been enrolled in the larger DCHS.  Of 
these, 113 had been lost to follow-up, refused to participate in this sub-study or had not 
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returned yet for questionnaire administration at the time of data collection.  Thus, a total of 
453 women completed the measures described above.  Of this group, 12 experienced antenatal 
pregnancy losses or stillbirths.  At the time of data collection, 339 study participants had 
delivered live infants.  Live infants born prematurely (before 37 weeks’ completed gestation 
(WHO 1995)) were excluded from this analysis (n = 20).  Data from a further 56 participants 
were omitted due to problems with quality control. Most of these quality difficulties arose in 
the first few months of data collection, and pertained to incorrect or incomplete 
questionnaires, duplicated participant identification numbers, and erroneous data capturing.  
Human error was noted to decrease significantly as staff training and experience improved.  
The final sample for this analysis comprised 263 mother-infant dyads (see Figure 4.1). 
4.2.4 Statistical analyses 
Frequency distributions were used to describe sociodemographic characteristics of interest; 
psychosocial risk factors (including exposure to trauma); and adverse newborn outcomes (LBW 
and low WAZ scores).  Bivariate correlation analyses (Pearson correlation coefficients) were 
then applied to determine the variables to be included in the regression models.  These 
correlation analyses included potential confounding variables such as sociodemographics of the 
study population; maternal relationship with partner; psychosocial stressors and 
psychopathology; and medical/reproductive risk, based on prior literature (eg. Kramer 1987; 
Taillieu & Brownridge 2010), directed acyclic graphs and model building prior to the analyses.  
The interaction between maternal traumatic exposure (predictor) and low infant birthweight 
(outcome) was tested then in the final model using multiple linear regression analyses.  Based 
on the results of the bivariate correlation analyses, two multiple regression models were 
generated: 
1) To determine the association between past-year IPV exposure and LBW; 
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4.3.1 Maternal sociodemographic characteristics 
Women in this study sample ranged in age from 18 to 41 years, with a mean of 26 years.  Sixty 
percent of the women were unmarried.  Although participants were recruited without regard 
for ethnic or racial characteristics, approximately half of our study population self-reported as 
Mixed-Race (“Coloured”) and Afrikaans-speaking, with the remainder reporting as Black and 
isiXhosa-speaking.  Most of the women (62%) were born in the Drakenstein sub-district, with 
the majority (84%) having received at least some high school education (Grades 8 – 12).  
Approximately a third of the sample was unemployed.  Almost half (41%) of the women 
received social (governmental) assistance, with all of these participants specifying that this was 
in the form of a childcare grant.  At the time of this analysis, almost two thirds (64%) of the 
women lived in a house or flat, with the majority (58%) residing in an urban setting.  Once the 
composite continuous SES scores were calculated, participants were stratified into quartiles, ie. 
lowest, low-moderate, moderate-high, highest SES.  While a slight preponderance (27%) was 
seen in the lowest stratum, participants were distributed fairly evenly across the four 
categories.  However, the majority of participants at Mbekweni (73%) scored within the lowest 
and low-moderate quartiles, compared to the minority at TC Newman (30%).  Table 4.1 depicts 
sociodemographic characteristics for the total study sample; as well as site-specific features.  
Figure 4.2 represents a comparison of the composite SES scores at each study site.
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Place of birth 
In Paarl 
Outside of Paarl, in the Western Cape 
Outside of the Western Cape, in South Africa 
















Highest level of education 
Grades 1–7 
Grades 8–12 









































Type of dwelling (current) 
Shack 
Wendy house or backyard dwelling 


















































a Due to rounding, totals may not add to 100%.
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Figure 4.2 Box-and-whisker comparison of composite SES scores at each study site 
 
  
Mbekweni TC Newman 
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4.3.2 Biomedical, reproductive and psychosocial risk 
For the vast majority of biomedical risk factors, prevalence rates were within the range of 0.5% 
to 2.5%, Table 4.2.  Similarly, most participants scored low on each of the continuous measures 
of cumulative biomedical and reproductive risk.  However, 20% of women were HIV positive at 
the time of data collection (based on the results of voluntary counseling and testing).  Further, 
most women (81%) reported that the index pregnancy was unplanned, and almost two thirds 
(62%) were found to have experienced insufficient weight gain during pregnancy (defined as 
less than 0.3kg per week during the second and third trimesters) (Strauss & Dietz 1999). 
The prevalence of psychopathological symptoms was also relatively high in this sample, with 
almost a third of participants scoring above threshold on the BDI-II and EPDS (measures of 
depression); while exactly a third screened positive for PTSD.  While the continuous measure 
for alcohol consumption was relatively low in this study sample, tobacco use during pregnancy 
was common.  The prevalence of substance use of participants at TC Newman was notably 
higher than at Mbekweni.  In particular, tobacco use at TC Newman was far more prevalent 
(mean ASSIST score of 11.85 at TC Newman, compared to 2.15 at Mbekweni).
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Table 4.2     Biomedical, reproductive and psychosocial risk factors 
Variable Number (%) Mean (SD) 
Biomedical risk factors 
HIV 
Asthma 




































Reproductive risk factors 
Poor maternal weight gain during current pregnancy 
Female sex of newborn 
Nulliparity 
Prior caesarean section 
Prior LBW infant 
Prior premature birth 
Prior intra-uterine death 
Current multiple gestation 







Psychosocial risk factors 
Unplanned pregnancy 
Depression & psychological distress 
BDI-II (dichotomous – above threshold) 
BDI-II (continuous) 
EPDS (dichotomous – above threshold) 
EPDS (continuous) 
SRQ-20 (dichotomous – above threshold) 
SRQ-20 (continuous) 
Posttraumatic stress disorder 
MPSS (dichotomous – above threshold) 































































4.3.3 Exposure to trauma (see Table 4.3) 
Almost half of the sample (48%) scored above threshold on the CTQ, with a mean continuous 
score of 41 (SD 14.5).  This suggests a history of some form of abuse in childhood, with a low-to-
moderate severity index.  When considering the specific sub-categories assessed on this 
questionnaire, it was found that the domains of sexual abuse, emotional neglect and physical 
neglect were scored above threshold (low-moderate severity), when compared to data in the 
CTQ norm group (2,200 males and females from seven heterogeneous clinical and community 
samples, representing diverse sociodemographic strata) (Bernstein & Fink 1998). 
Using dichotomised scoring, nearly a third of women (32%) reported a history of emotional IPV; 
and more than a quarter (28%) had experienced physical abuse during the previous 12 months.  
Past-year sexual abuse was reported in 14% of cases.  Similarly, when lifetime IPV experiences 
were assessed on the four-point frequency scoring scale, almost half of the study sample (41%) 
reported emotional abuse; 37% reported physical abuse; and 12% reported sexual abuse. 
4.3.4 Newborn outcomes (see Table 4.4) 
The median (IQR) for birthweight was 3.07 (0.50) kg and for low WAZ score was −0.52 
(IQR = 1.11).  In addition, a notable clinic-specific difference was found in infant birthweight.  
The median (IQR) for mothers enrolled at TC Newman [3.02 (0.52) kg] was found to be lower 
than that of Mbekweni’s infants [3.13 (0.47) kg].  When dichotomising birthweights at each 
clinic, it was found that the prevalence of LBW at TC Newman (17%) was significantly higher 
than that at Mbekweni (8%, p = 0.022).  However, differences in dichotomised WAZ scores 
between sites again failed to show statistical significance.
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Table 4.3     Childhood, lifetime and past-year trauma exposure 
Variable Number (%) Mean (SD) Interpretation 
Childhood trauma 
CTQ dichotomous – above threshold 
CTQ continuous 
CTQ_emotional abuse (continuous) 
CTQ_physical abuse (continuous) 
CTQ_sexual abuse (continuous) 
CTQ_emotional neglect (continuous) 









































































Table 4.4     Newborn outcomes 
Variable  Mbekweni 
– n (%) 
TC Newman 
– n (%) 
Total 
– n (%) 
Birthweight in kilograms (continuous) 
Low birthweight (dichotomous)* 
WAZ score (continuous) 


















*p < 0.05 
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4.3.5 Associations between exposure to trauma during pregnancy and newborn 
outcomes 
Bivariate analyses were performed to determine the correlations between a number of trauma-
related risk factors and subsequent newborn outcomes.  Predictor variables were those 
pertaining to maternal sociodemographics (age, marital status, income); biomedical risk 
(height, and composite medical and reproductive risk); psychosocial risk (pregnancy intention, 
contraceptive use, degree of partner support, depression, PTSD and substance use); and 
trauma exposure (childhood trauma, lifetime IPV and past-year IPV).  Outcome variables were 
LBW and low WAZ scores (expressed as continuous and dichotomous variables).  A number of 
statistically significant correlations were found, Table 4.5. 
Women with a history of past-year physical IPV exposure were more likely to deliver infants 
with LBW (r = 0.21; p = 0.001) and with low WAZ scores (r = 0.18; p = 0.006).  Further, a history 
of lifetime physical IPV exposure was found to be associated with both low infant birthweight 
(r = 0.13; p = 0.047) and low WAZ scores (r = 0.14; p = 0.041).  Neither sexual nor emotional IPV 
exposure (past-year or lifetime) yielded significant associations with the outcomes of interest. 
Maternal anthropometry and substance use also emerged as important risk factors for low 
infant birthweight.  Maternal height was found to be significantly associated both with 
birthweight (r = 0.16; p = 0.009) and with WAZ scores (r = 0.17; p = 0.007); as was alcohol use 
(association with birthweight: r = −0.19; p = 0.003; association with WAZ score: r = −0.18; 
p = 0.006).  Maternal tobacco use was found to be significantly associated with all four major 
outcomes of interest – with birthweight (r = −0.22; p = 0.0006); WAZ score (r = −0.23; 
p = 0.0004); LBW (r = 0.2; p = 0.002); and low WAZ score (r = 0.15; p = 0.02).  However, neither 
depression nor PTSD showed significant correlations with these outcomes. 
In the final regression analyses, outcomes of interest were LBW and low WAZ scores; while the 
predictor variable was past-year physical IPV exposure.  (As neither emotional nor sexual abuse 
showed significant correlations with these outcomes of interest on bivariate analyses, these 
subtypes were not included as predictor variables in the final regression models.)  Both models 
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were controlled for study site (clinic), maternal height, ethnicity, SES, tobacco use, alcohol use 
and childhood trauma, due to the effects of these variables on the outcomes of interest.  The 
final regression model run was significant [r2 = 0.14 (adjusted r2 = 0.11, F(8,212) = 4.16, 
p = 0.0001].  Exposure to physical IPV occurring during the past year was found to be 
significantly associated with LBW [t = −2.04, p = 0.0429], when controlling for these potential 
confounders, Table 4.6.  A significant association with decreased WAZ scores was not 
demonstrated.
61 
Table 4.5 Bivariate analyses of the correlation between a number of trauma-related risk factors and newborn outcomes 
Pearson correlation coefficients 
Prob > |r| under H0: Rho = 0 
Number of Observations 
 
 Sociodemographics Biomedical Risk Psychosocial Risk 
 Age Marital 
status 






























































































































































Pearson correlation coefficients 
Prob > |r| under H0: Rho = 0 
Number of Observations 
 
 Depression Trauma Exposure & PTSD 

































































































































































*p < 0.05 
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Table 4.6     Multiple linear regression analyses of the association between exposure to IPV during the 
past year and newborn outcomes 
 Model 1: Multiple linear 
regression of the association 
between past-year IPV exposure 
and LBW 
Model 2: Multiple linear 
regression of the association 
between past-year IPV exposure 
and low WAZ score 
 B (SE) B (SE) 
 
Recent IPV exposure 



























*p < 0.05 
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4.4 Discussion and conclusions 
The main findings of our study were 1) a large proportion of our study sample was found to 
have experienced past-year IPV, with exposure to emotional IPV most frequently reported, 
followed by physical, and then sexual abuse; 2) a notable clinic-specific difference was found in 
infant birthweight.  The median (IQR) for mothers enrolled at TC Newman was found to be 
lower than that of Mbekweni’s infants.  When dichotomising birthweights at each clinic, it was 
found that the prevalence of LBW at TC Newman was significantly higher than that at 
Mbekweni.  However, differences in dichotomised WAZ scores between sites failed to show 
statistical significance; 3) in this study sample, LBW was found to be significantly predicted by 
past-year maternal IPV exposure, when controlling for study site (clinic), maternal height, 
ethnicity, SES, substance use and childhood trauma.  A significant association with decreased 
WAZ scores was not demonstrated. 
The high prevalence of IPV in our sample is largely consistent with other studies conducted in 
LMIC regions.  For example, in their recent critical review of studies conducted outside of 
Canada and the United States, Campbell and colleagues (2004) reported comparatively higher 
rates of IPV during pregnancy in LMIC regions (31.5% in Egypt, 21% to 28% in India, and 21% in 
Saudi Arabia), when compared to HIC countries (prevalence rates ranging from 3.4% to 11.0%).  
Data from the large WHO Multi-Country Study on Women’s Health and Domestic Violence 
against Women (García-Moreno et al. 2005, 2006) have supported these findings.  This study 
enrolled 24,000 women from 15 sites in 10 culturally diverse countries — Bangladesh, Brazil, 
Ethiopia, Japan, Namibia, Peru, Samoa, Serbia and Montenegro, Thailand, and the United 
Republic of Tanzania.  The consistency of methodology used in all countries allowed a valid 
cross-cultural comparison and provided valuable insight into regions from which few data were 
available previously.  A wide variation in IPV prevalence between settings was noted in this 
study, with comparatively lower rates reported in HIC regions such as Japan (with a 13% 
lifetime prevalence of physical IPV and 6% of sexual IPV) versus LMIC areas such as Peru (61% of 
the study population reported physical IPV) and Ethiopia (59% reported sexual IPV).  Further, in 
countries where both large industrialised (urban) and rural regions were studied, IPV levels 
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were found consistently to be higher in the rural populations.  It seems thus that women in 
LMIC regions (such as South Africa) are at greater risk of IPV exposure during pregnancy than 
are those in HIC countries. 
The varying prevalence of IPV subtypes in our study population is also noteworthy.  In a 
prospective cohort study of 838 women post-delivery in a Chinese university teaching hospital 
(Leung et al. 2002), it was found that 16.6% of women (n = 139) had experienced recent abuse, 
with 87 of these (10.4%) having been abused in the index pregnancy.  While these prevalence 
rates are somewhat lower than in our study sample, most reported cases were of 
verbal/emotional abuse, a finding echoed in our population.  This is noteworthy, as most 
literature to date has focused on physical and/or sexual IPV, with a relative paucity of data on 
the impact of verbal/emotional abuse on health outcomes. 
Of the three domains of abuse, Leung and colleagues (2002) also reported the prevalence of 
sexual abuse (1.7%, n = 14) to be the lowest.  While this is again lower than was found in our 
study (14% of our participants had experienced past-year sexual abuse), it is noteworthy that 
sexual abuse appears to be less prevalent than either physical or emotional/verbal abuse in 
both study samples.  One explanation may be under-reporting by study participants, based 
either on the narrow definition of sexual abuse in the IPV questionnaire (ie. forced sexual acts) 
(see Silverman et al. 2007) or on the widespread stigma associated with this subtype of abuse. 
To the best of our knowledge, ours is the first study to examine the prevalence of IPV during 
pregnancy and its association with low infant birthweight in the South African setting.  In our 
study sample, the median newborn birthweight was found to be within the normal WHO 
parameters (WHO 1995, 2013b).  This is in contrast to the recent WHO/UNICEF (United Nations 
Children’s Fund) report on country, regional and global estimates of LBW prevalence rates 
(UNICEF & WHO 2004), which cited the global LBW rate (LBWR) as approximately 15.5%.  In 
Africa, the reported prevalence is 14.3%; and 15.4% in South Africa (UNICEF & WHO 2004; MRC 
et al. 2003).  However, in a recent MRC (Medical Research Council) Saving Babies Report (2003), 
a LBWR of 19.8% was cited for the Western Cape.  The more significant discrepancy between 
our findings and this provincial estimate may be attributed to a number of factors.  First, the 
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MRC data may be skewed by the much higher LBWR in rural areas in the province.  Second, the 
majority of our study population has received at least some high school education (Grades 8 – 
12).  This is relatively high when compared to data published elsewhere.  For example, in the 
South African Demographic and Health Survey (SADHS), a cross-sectional nationally 
representative study of 13,089 adult men and women (Puoane et al. 2002), it was found that 
only 11.8% (n = 913) of female participants had completed Grade 12 (secondary education).  
Third, due to the longitudinal cohort design of the larger DCHS, enrolled women enter into the 
healthcare system early in their antenatal course, and are followed up throughout pregnancy, 
delivery and the postpartum period.  Thus, participants have improved access to antenatal care 
and health education which otherwise may not have been available to them. 
In our study, site-specific differences in infant birthweights were also found, with those at TC 
Newman lower than those at Mbekweni.  A number of interrelated factors may explain these 
differences.  For example, the prevalence of substance use among pregnant women was 
notably higher at TC Newman than at Mbekweni.  In particular, tobacco use at TC Newman was 
far more prevalent.  Further, in the final regression models, tobacco use was found to be 
significantly associated with LBW and with low WAZ scores.  The association between smoking 
during pregnancy and adverse infant outcomes has been well-documented in both HIC and 
LMIC settings.  For example, in their early cohort study of 5,166 mother-infant dyads in Pelotas, 
Brazil, Horta and colleagues (1997) reported that infants whose mothers had smoked during 
pregnancy were significantly more likely to have LBW than those of non-smoking mothers (OR 
1.59; 95% CI: 1.30; 1.95).  Further, it was found that the average birthweight of these infants 
was 142g lower than that of the non-smoking-exposed group.  While no association between 
smoking and preterm delivery was reported, smoking was found to be significantly associated 
with IUGR (OR 2.07; 95% CI: 1.69; 2.53).  More recently, similar findings were reported by 
Jaddoe and colleagues (2008).  In their nested sub-study of the Generation R Study, a 
population-based prospective cohort investigation of 7,098 mother-infant pairs conducted in 
the Netherlands, these authors found that active smoking during pregnancy was significantly 
associated with both LBW (adjusted OR 1.75; 95% CI: 1.20; 2.56) and preterm birth (adjusted 
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OR 1.36; 95% CI :1.04, 1.78).  It was also found that active maternal smoking late in pregnancy 
was associated most strongly with these adverse outcomes. 
A significant site-specific difference in composite SES scores was also noted.  As this variable is a 
comprehensive indicator of education, employment status, household income and access to 
resources and assets, it suggests a notable contextual difference between study sites.  There is 
some evidence that low SES may contribute to increased risk both of IPV (Cunradi et al. 2002) 
and of low infant birthweight (Parker et al. 1994).  In their recent systematic review of 106 
studies conducted in industrialised countries, Blumenshine and colleagues (2010) reported a 
significant association between low socioeconomic measures and adverse birth outcomes such 
as LBW and preterm delivery.  Socioeconomic disadvantage and disparities were found to be 
associated consistently with increased risk across socioeconomic measures, birth outcomes and 
countries.  In our study population, however, the site with higher SES had the higher prevalence 
of low birthweight infants.  This presumably reflects the fact, noted above, that tobacco use is 
higher in the higher SES site. 
In our study, maternal IPV (physical) exposure was found to be significantly associated with low 
infant birthweight.  While there has been a paucity of data examining the association between 
IPV and adverse infant outcomes in LMIC regions such as South Africa, the data here are 
consistent with three large studies conducted in Brazil (Ferri et al. 2007), Mexico (Valdez-
Santiago & Sanín-Aguirre 1996) and Uganda (Kaye et al. 2006).  In the latter study, Kaye and 
colleagues (2006) conducted a prospective cohort investigation of 612 women enrolled in the 
second trimester of pregnancy and followed up until birth.  Of these women, 27.7% (n = 169) 
reported IPV exposure during pregnancy, and delivered infants with a mean birthweight 186g 
lower than that of their non-exposed counterparts.  Further, these authors reported that the 
relative risk of a LBW delivery among IPV-exposed women was 3.78 (95% CI: 2.86; 5.00).  
Additional obstetric complications in this subgroup included hypertension and premature 
rupture of membranes.  While no significant association between IPV exposure and low 
newborn WAZ scores was demonstrated, it should be noted that LBW and WAZ scores are 
discrete constructs, and thus may be expected to differ slightly.  Nonetheless, both outcomes 
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reflect the adverse effect of IPV exposure during pregnancy.  Thus, further work on underlying 
mechanisms would be useful to delineate whether the slight differences noted here are due to 
chance, or in fact reflect meaningful pathophysiological differences. 
How, then, does trauma exposure in women (either during pregnancy or across the lifespan), 
increase the risk of delivering a LBW infant?  To date, this association has been attributed to a 
number of direct and indirect mechanisms.  First, abdominal trauma and consequent placental 
damage and premature uterine contractions or rupture of membranes may explain a direct 
causal association (Newberger et al. 1992; Campbell et al. 1999).  Further, infection or genital 
trauma resulting from forced sexual activity may increase the risk of adverse infant outcomes.  
There is also a growing body of evidence for the role of the HPA-axis in mediating LBW delivery 
in abused women.  It has been suggested that pregnant women exposed to psychosocial 
trauma experience HPA-axis hyperactivity, thus resulting in increased circulating cortisol.  This 
stress hormone then has a transplacental inhibitory effect on intra-uterine foetal growth 
(Campbell et al. 1999; Sandman et al. 1997).  Further, increased levels of CRH (corticotropin-
releasing hormone, which is secreted by the hypothalamus in response to stressful stimuli) may 
also be associated with premature delivery (Sandman et al. 1997). 
Indirect environmental mechanisms may include lack of intimate partner support, substance 
abuse, maternal mental illness and low SES (Campbell et al. 1992; Murphy et al. 2001).  While 
the degree of partner support did now show a significant correlation with low infant 
birthweight in our study sample, maternal substance use was found to be an important 
potential confounder in the association between IPV and LBW.  Thus, both tobacco and alcohol 
use were controlled for in the final regression analyses.  As already discussed, there is a strong 
body of work documenting the detrimental effect of smoking on pregnancy and newborn 
outcomes.  Further, perinatal alcohol consumption has been shown to increase the risk of 
delivering a LBW infant.  For example, in their recent systematic review and meta-analysis, 
Patra and colleagues (2011) reported a dose–response relationship — heavy alcohol 
consumption during pregnancy was found to increase the risk of LBW, preterm delivery and a 
SGA infant, while light to moderate alcohol consumption showed no effect. 
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Additional mediators of the association between IPV and LBW may include low SES and 
maternal mental illness.  Both factors are relevant to our economically disadvantaged study 
sample, in which depressive and posttraumatic symptoms are particularly prevalent.  However, 
neither maternal depression nor PTSD showed a statistically significant correlation with our 
outcomes of interest in bivariate analyses.  The current body of work assessing the association 
between maternal psychopathology and LBW also remains somewhat inconsistent, possibly 
due to diverse definitions and measurements of maternal mental illness; as well as little 
attention paid to potential confounders (Alder et al. 2007).  For example, while our study group 
previously demonstrated strong associations between maternal antenatal depression and 
reduced infant WAZ scores and HCAZ scores at birth in the unique Drakenstein cohort (Brittain 
et al. 2015 – see also Chapter 3, Section 3.4 – Discussion and conclusions, p 40); a recent 
systematic review and meta-analysis of thirty studies (Grigoriadis et al. 2013) revealed a 
significant – but modest – association with increased odds of premature delivery and decreased 
breastfeeding initiation; but no associations with birth weight or LBW in the main analyses. 
This study is limited by a number of methodological and analytical factors.  First, it is a cross-
sectional analysis, and causality is difficult to determine.  Second, much of the data concerning 
antenatal risk factors are dependent on participant self-report.  Thus, reporting bias may have 
led to inaccuracies in prevalence rates of trauma exposure and related variables.  Third, data 
were collected from just one sub-district in South Africa, thus limiting national (and 
international) generalisability.  Fourth, our insights may be limited by the relatively small 
sample size, high levels of attrition and subsequent reduced statistical power to detect small 
associations.  Data from a notable number of participants (n = 56) were omitted from analyses 
due to poor quality.  Given the small sample size, false negative findings cannot be excluded.  
However, the study was powered adequately to detect clinically meaningful effect sizes, and in 
turn, several significant associations emerged in the analysis.  Thus, our study provides a 
valuable complement to the small but growing body of work on the association between IPV 
during pregnancy and LBW in LMIC regions.  Fourth, unmeasured confounders may have 
contributed to our study findings, although we attempted to minimise residual confounding by 
adjusting for key variables such as study site and SES.  Finally, we do not measure non-IPV 
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trauma exposure during pregnancy.  While this was a purposeful attempt at a more precise and 
focused investigation of the sequelae of IPV, an assessment of all types of violence or trauma to 
which women may be exposed would be a helpful inclusion in future studies.  This potentially 
could delineate whether exposure to any violence/trauma (as opposed to IPV specifically) 
during pregnancy significantly predicts delivery of a LBW infant. 
Future structured longitudinal studies would also be of value in addressing the causal 
mechanisms between maternal exposure to abuse, and subsequent adverse infant outcomes.  
Further, an assessment of maternal health outcomes would be a useful addition to this body of 
work.  Methodological adjustments to assessment tools may also be warranted. For example, 
standardised and cross-culturally valid definitions of IPV could improve data quality (Ballard et 
al. 1998; Murphy et al. 2001).  Finally, a more comprehensive investigation of the role of 
protective environmental factors (eg. intimate partner support) should be addressed in future 
studies, in order to enhance our findings and the current evidence base (Ferri et al. 2007). 
Such additions to the research field would help to clarify the association between antenatal IPV 
exposure and low infant birthweight, thus informing not only scientific knowledge but also 
clinical decision-making and public health policies.  Many of the recommendations outlined in 
the WHO Multi-Country Study (García-Moreno et al. 2005, 2006) hold promise.  In all cases, 
intersectoral and multidisciplinary collaborations seem key in translating empirical data into 
tangible interventions.  For example, a comprehensive primary prevention programme would 
be integral to minimising the downstream sequelae of IPV.  Strategies may include multimedia 
messages to increase public awareness, alter entrenched gender-related prejudices, reduce 
IPV-related stigma and enhance informal community support networks.  The target audience of 
such campaigns should include both women and men, and efforts could be carried out in 
schools, healthcare facilities and workplaces.  Primary prevention may also take the form of 
liaison with the police services and local government to ensure a safer physical environment for 
women.  “High-risk” locales should be identified and resources dedicated to enhance the safety 
of such areas, eg. by improved lighting and/or increased police presence. 
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Secondary preventative strategies are also important to support and assist women exposed to 
IPV.  As discussed by García-Moreno and colleagues (2005, 2006), the public health sector 
should be mobilised to respond to and manage the multidimensional effects of such abuse.  
Training of healthcare workers at all service levels should occur to ensure appropriate first-line 
support of women reporting IPV, as well as appropriate referral when necessary.  Again, close 
collaboration with non-healthcare sectors (eg. the police and/or legal services) will be essential 
in developing a comprehensive care network.  Of particular relevance to our study are 
reproductive health services which should be sensitised to contribute to this network.  
Antenatal booking presents a unique entry point for pregnant women to access care, and for 
healthcare workers to provide a safe, confidential and supportive environment for women 
exposed to IPV during pregnancy. 
More broadly, informal and formal support networks for victims of IPV should be strengthened.  
Unfortunately, resource constraints (particularly in rural areas) continue to limit the availability 
and accessibility of this crucial level of care.  In addition to governmental commitment to 
improving formal services (eg. social workers, psychologists, counsellors and shelters), informal 
sources of support such as community leaders should be mobilised. Women may well be more 
willing to disclose abuse in a less formal milieu, and the involvement of community members 
would be useful in decreasing the social stigma and shame associated with IPV. 
Finally, ongoing support for IPV-related research is essential to inform these and other public 
health interventions.  Data on the causes, prevalence and sequelae of IPV during pregnancy are 
needed to provide a compelling basis for action.  In particular, culturally-specific modifiable risk 
factors for abuse that are amenable to intervention should be identified and targeted.  In LMIC 
and resource-constrained regions, support from non-governmental and private donors may 
well be necessary to supplement governmental commitment.  Ultimately, studies such as ours 
aim to provide a deeper understanding of the magnitude, aetiology and impact of IPV during 
pregnancy, and to contribute to improved primary and secondary prevention strategies. 
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In the next chapter – based on Publication 3 – the association between maternal 
psychological trauma such as IPV exposure (and other psychiatric symptoms and stressors), 
and poor infant neurodevelopment at age 6 months, will be discussed.  This discussion will 
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This chapter addresses directly Research Objective 3 of this thesis (see Chapter 1, Section 1.6 – 
Study objectives and related publications, p 6): 
To determine the association between maternal trauma exposure and poor infant 
neurodevelopment at age 6 months in the study cohort. 
While a significant association between maternal alcohol consumption during pregnancy and 
poor infant developmental outcomes was noted, the key finding of this publication in relation 
to this thesis was that maternal exposure to past-year sexual IPV may be associated with poor 
infant neurodevelopment.  Thus, this is in keeping with the research objective, above.  The 
manuscript on which this chapter is based was submitted to a special issue of the Journal of 




Maternal psychiatric disorders and exposure to psychosocial stressors during pregnancy may be 
associated with poor development in early childhood.  Despite the high burden of maternal 
stressors and of poor childhood development in LMIC settings, there remains a paucity of data 
from these regions.  We investigated the association between antenatal exposure to 
psychosocial stressors, and infant development in the DCHS. 
Methods 
Antenatal symptoms and stressors were assessed using reliable, validated questionnaires.  
Predictor variables pertained to maternal sociodemographics; general medical health; 
psychiatric symptoms and stressors; and infant anthropometry and growth velocity.  Infant 
developmental outcomes at age 6 months were assessed using the Bayley Scales of Infant and 
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Toddler Development.  Bivariate and multiple regression analyses were used to determine the 
association between predictor and outcome variables. 
Results 
105 mother-infant dyads were studied.  The regression model predicting fine motor 
development reached significance [r2 = 0.20 (adjusted r2 = 0.13, F(8,88) = 2.75, p = 0.0094], with 
maternal exposure to past-year sexual IPV [t = -2.86, p = 0.005] and alcohol use during 
pregnancy [t = -2.29, p = 0.02] each found to be significant for predicting poor outcome in 
infant fine motor development, when controlling for clinic site, marital status, SES, depression, 
PTSD and tobacco use. 
Conclusion 
Exposure to past-year sexual IPV and antenatal alcohol use each may affect infant 
development.  However, given the methodological limitations in this exploratory study, there is 
a need for further research in this field to replicate these findings, to elucidate the underlying 
neurobiology and to develop effective preventative strategies. 
 




Maternal exposure to psychosocial stressors (such as IPV), as well as psychiatric disorders and 
symptoms (such as alcohol and substance use disorders) during pregnancy constitute an 
important public health concern; and may be associated with poor pregnancy outcomes and 
childhood developmental delay (Testa et al. 2003; Shamu et al. 2011; Shah et al. 2010).  In two 
recent Lancet series (Grantham-McGregor et al. 2007; Walker et al. 2007, 2011; Engle et al. 
2007, 2011; Lake 2011), it was estimated that more than 200 million children under age 5 years 
fail to reach their potential in cognitive development in developing countries. 
As discussed in Chapter 4 – Publication 2 (p 42-72) (see also Koen et al. 2014), maternal 
exposure to IPV during pregnancy has emerged as an important predictor of adverse outcomes.  
For example, in their recent meta-analysis and systematic review of studies conducted in HIC 
settings, Murphy and colleagues (2001) found that women reporting physical, sexual or 
emotional abuse during pregnancy were 1.4 times more likely than non-abused women to give 
birth to a baby with LBW (95% CI: 1.1; 1.8). 
The detrimental effects of substance use during pregnancy have also been investigated widely.  
In a recent systematic review and meta-analysis of the dose–response relationship between 
alcohol consumption before and during pregnancy, and birth outcomes, it was reported that 
heavy prenatal alcohol use increases the risk of LBW, preterm delivery and SGA (Patra et al. 
2011).  Prenatal alcohol consumption is also associated with adverse developmental and 
neuropsychological outcomes in infancy and early childhood (Mattson et al. 2011, 2013; 
Adnams et al. 2001).  In their meta-analytical review, Testa and colleagues (2003) found that 
foetal alcohol exposure at three levels of daily exposure (ie. less than 1 drink; 1 – 1.99 drinks; 
and 2 or more drinks) was associated with a significantly lower mental development index 
among infants aged 12 to 13 months. 
In addition to IPV exposure and substance use, a number of other factors may contribute to 
predicting poor developmental outcomes in the LMIC setting.  These include lack of pregnancy 
intent, decreased social support, societal violence, malnutrition, inadequate cognitive 
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stimulation and maternal stress and psychopathology (Hobel et al. 2008; Dominguez et al. 
2005; Goldenberg et al. 1997; Shah et al. 2011; Walker et al. 2007, 2011).  In their recent 
review, Van den Bergh and colleagues (2005) reported a direct link between antenatal maternal 
stress and anxiety (as measured by questionnaires and biological indicators of HPA-axis 
dysfunction) and cognitive, behavioural and emotional problems in childhood.  It is possible 
that exposure to multiple stressors, over a long period of time, exerts a compound effect. 
Despite the high burden of stressors and symptoms during pregnancy, and of adverse infant 
and developmental outcomes in the LMIC setting, there remains a paucity of data from 
developing countries such as South Africa.  The purpose of the current analysis was to address 




This study reported data from the DCHS – see Chapter 2 – General Methodology (p 9-21).  The 
analysis is for the period March 2012 to August 2013.  Details of participant enrollment can be 
found in Chapter 2, Section 2.3 – Participant recruitment and follow-up (p 9-10); and ethical 
processes relevant to this study in Chapter 2, Section 2.5 – Ethical considerations (p 20-21).  This 




All assessment tools have been described in detail in Chapter 2, Section 2.4 – Measures and 
variable calculation (p 10-18).  For the purposes of this analysis, maternal sociodemographic 
characteristics; medical and reproductive health; alcohol and substance use (using the Alcohol, 
Smoking and Substance Involvement Screening Test (ASSIST)); and psychiatric symptoms and 
stressors (using the Intimate Partner Violence questionnaire, Childhood Trauma Questionnaire 
(CTQ), Beck Depression Inventory II (BDI-II), Edinburgh Postnatal Depression Rating Scale 
(EPDS), SRQ-20, and the Modified PTSD Symptom Scale (MPSS)) were assessed, as has been 
described elsewhere (Zar et al. 2015; Stein et al. 2015; Koen et al. 2014).  Those participants 
identified with a high burden of psychiatric symptoms or stressors and/or with suspected 
substance use during pregnancy were referred to service providers in the health system. 
Infant outcomes 
Anthropometric variables (weight, height and HC) at infant age 6 months were measured by 
trained clinical staff at the study clinics and z-scores calculated (see also Chapter 2, Section 2.4 – 
Measures and variable calculation (p 18).  Growth velocity from birth to infant age 6 months 
(weight and HC) was represented by the difference between sex-specific z-scores at these two 
time points.  Following the WHO conventions, those infants falling two or more standard 
deviations from the mean were classified as having severe growth failure (WHO 2014).  For our 
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purposes, all outcomes of interest at each timepoint (ie. low WAZ scores, HC for age, low HCAZ 
scores, 0 – 6 month growth velocity, and severe growth failure) were expressed as dichotomous 
and continuous variables. 
Markers of infant development were assessed using the Bayley Scales of Infant and Toddler 
Development, Third Edition (Bayley-III) (Bayley, 2006a) – see Chapter 2, Section 2.4 - Measures 
and variable calculation (p 19-20).  For our analyses, a clinically significant developmental effect 
on the Bayley II scales was represented both as dichotomous and continuous variables. 
5.2.2 Statistical analyses 
Frequency distributions were used to describe sociodemographic variables of interest (age, 
marital status, income); general medical health (composite biomedical and reproductive 
health); psychiatric symptoms and stressors (pregnancy intention, degree of partner support, 
depression and PTSD, and childhood and/or adult trauma exposure); alcohol and substance 
use; infant anthropometry; and adverse infant outcomes.  Bivariate analyses (Pearson 
correlation coefficients) were then applied to determine correlations between relevant 
predictor variables and markers of poor developmental outcomes across any of the Bayley-III 
subtests.  Predictor variables (and potential confounders) were selected based on modelling 
informed by acyclic graphs built prior to conducting these analyses.  Thereafter, those variables 





5.3.1 Sample size 
At the time of analyses, 830 women had been enrolled, while 428 infants had reached 6 
months of age.  Of these 428 mother-infant dyads, a random sub-sample was selected to 
undergo Bayley-III assessment at this timepoint.  Thus, 125 infants had undergone the Bayley-III 
assessment at the time of analysis.  Data from an additional 20 participants were omitted due 
to lack of quality control, most of which arose in the first few months of data collection.  The 
final sample for this analysis comprised 105 mother-infant dyads. 
5.3.2 Maternal sociodemographic characteristics 
Women in this study sample had a mean age of 26 years, with almost 70% being unmarried, 
Table 5.1.  Most (93%) had received some high school education (Grades 8 – 12), but almost 
half (43%) was unemployed.  Participants were distributed fairly evenly across the four 
socioeconomic categories.  Most participants at Mbekweni (62%) scored within the lowest and 
low-moderate quartiles, compared to the minority at TC Newman (44%). 
5.3.3 Biomedical and reproductive health 
For the majority of biomedical risk factors, prevalence rates were within the range of 2.9% to 
5.7%, Table 5.2.  Most participants scored low on the continuous measures of cumulative 
biomedical and reproductive risk.  However, approximately 13% of women were HIV positive at 
the time of data collection; and most women (80%) reported that the index pregnancy was 
unplanned. 
5.3.4 IPV exposure and other psychiatric symptoms and stressors 
Using dichotomised scoring, approximately a third of women (35%) reported a history of past-
year emotional IPV; and a quarter reported exposure to past-year physical abuse.  Past-year 
sexual abuse was reported in 7% of cases, Table 5.3.  A site-specific difference in the prevalence 
rate of past-year IPV was found.  Women at TC Newman reported higher levels of exposure to 
81 
emotional abuse (38% versus 26% at Mbekweni); to physical abuse (27% versus 20%); and to 
sexual abuse (10% versus 0) during the past year.  Almost 40% of the study sample scored 
above threshold on the CTQ, with a mean continuous score of 38 (SD 14.5).  This suggests a 
history of some form of abuse in childhood, with a minimal to moderate severity index.  More 
than a quarter of participants scored above threshold on the Beck Depression Inventory II (BDI-
II) and Edinburgh Postnatal Depression Rating Scale (EPDS); while almost a quarter (22%) 
screened positive for PTSD, Table 5.3. 
Almost half (44%) of participants reporting smoking cigarettes during pregnancy, and 12% 
reporting prenatal alcohol consumption, Table 5.3.  A site-specific difference was also found – 
61% of participants at TC Newman reported tobacco use, compared to only 3% at Mbekweni; 
while 15% at TC Newman consumed alcohol, versus 6% at Mbekweni.  This difference was also 
reflected in the mean continuous ASSIST scores for each study site. 
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a Due to rounding, totals may not add to 100%. 
 






































Married/in a marriage-like relationship 












Place of Birth 
In Paarl 
Outside of Paarl, in the Western Cape 














Highest Level of Education 
Grades 1-7 
Grades 8-12 









































Type of Dwelling (current) 
Shack 
Wendy house or backyard dwelling 


















































Table 5.2     Biomedical and reproductive risk factors 
Variable Number (%) Mean (SD) 
Biomedical risk factors 
Asthma 
Diabetes mellitus 
Pelvic inflammatory disease 
Cardiovascular disease 





































Unplanned pregnancy 84 (80)  
Reproductive risk factors 
Female sex of infant (index) 
Nulliparity 
Prior caesarean section 
Prior LBW infant 
Prior premature birth 
Prior intra-uterine death 
Current multiple gestation 





































Table 5.3     Psychosocial symptoms and stressors 
Variable Number (%) Mean (SD) 
 MBK* TCN** Total  
IPV (adult) 




Lifetime IPV (dichotomous) 
Emotional IPV 
None 






































































































CTQ dichotomous – above threshold 
CTQ continuous 
CTQ_emotional abuse (continuous) 
CTQ_physical abuse (continuous) 
CTQ_sexual abuse (continuous) 
CTQ_emotional neglect (continuous) 
CTQ_physical neglect (continuous) 
Depression 
BDI-II (dichotomous – above threshold) 
BDI-II (continuous) 
EPDS (dichotomous – above threshold) 
EPDS (continuous) 
SRQ-20 (dichotomous – above threshold) 
SRQ-20 (continuous) 
Posttraumatic stress disorder (PTSD) 







































 Number (%) Mean (SD) 
 MBK TCN Total MBK TCN Total 
Substance use  
Prenatal alcohol use 
(Dichotomous – above threshold) 
 
Prenatal alcohol use (Continuous) 
 
 
Prenatal tobacco use 
(Dichotomous – above threshold) 
 
 






































































**TCN TC Newman 
 
5.3.5 Infant outcomes 
5.3.5.1 Anthropometry 
A notable site-specific difference was evident in 6-month anthropometry.  While the mean (SD) 
for weight for the total sample was 7.79 (SD = 1.26) kg, infants whose mothers had been 
recruited from TC Newman were found to have a lower mean (SD) weight of 
7.57 (SD = 1.17) kg, when compared to those from Mbekweni [8.35 (1.38) kg], Table 5.4.  When 
dichotomising WAZ scores at 6 months, it was found that the prevalence of decreased scores at 
TC Newman (8%) was far higher than at Mbekweni (0%).  Head circumference (HC) did not 
follow this pattern.  At 6 months, only a negligible difference in the mean (SD) of HC between 
sites was found, ie. [43.09 (2.82) cm] at Mbekweni; versus [43.35 (1.70) cm] at TC Newman.  
Further, the prevalence of decreased HCAZ scores at both clinics was approximately 3%.  In 
total, 1 infant (1%) exhibited severe growth failure in weight from birth to 6 months; and 2 (2%) 




5.3.5.2 Developmental outcomes at age 6 months 
Across all Bayley-III subtests, the mean scaled scores for each site and for the total study 
sample fell within the normal range, with no scores falling ≥ 1 SDs below the standardised mean 
of 10, Table 5.4.  However, when dichotomising scaled scores, prevalence rates for 
developmental outcomes ≥ 1 SD below the mean ranged from 1% (certain adaptive behaviour 
subtests) to 22% (expressive communication).  Notable site-specific differences in poor 
developmental outcomes (dichotomised) were also found across the Bayley-III scales (and their 
corresponding subtests).  In almost all cases, the prevalence rates at TC Newman were found to 
be higher than at Mbekweni (eg. poor receptive communication outcomes: 21% at TC Newman 
compared to 10% at Mbekweni; poor gross motor outcomes: 14% at TC Newman versus 0% at 
Mbekweni; and poor socio-emotional outcomes: 11% at TC Newman compared to 4% at 
Mbekweni). 
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Table 5.4     Infant (6-month) anthropometry and indicators of developmental outcomes 
Variable Mbekweni TC Newman Total 
Infant Anthropometry 
Mean weight in kg (SD) 
Mean WAZ (SD) 
Low WAZ (WAZ of -2 or below) – n (%) 
Mean head circumference in centimetres (SD) 
Decreased head circumference for age – n (%) 
Mean HCAZ (SD) 
Low HCAZ (HCAZ of -2 or below) – n (%) 
Severe growth failure (0-6 months) – weight – n (%) 
































Mean score (SD) 
Cognitive deficits – n (%) 
Language (Communication) scale 
Receptive communication – mean score (SD) 
Receptive communication deficits – n (%) 
Expressive communication – mean score (SD) 
Expressive communication deficits - n (%) 
Motor scale 
Fine motor – mean score (SD) 
Fine motor deficits – n (%) 
Gross motor – mean score (SD) 
Gross motor deficits – n (%) 
Social-emotional scale 
Mean score (SD) 
Social-emotional deficits – n (%) 
Adaptive behavior scale 
Communication – mean score (SD) 
Communication deficits – n (%) 
Health and safety – mean score (SD) 
Health and safety deficits – n (%) 
Leisure – mean score (SD) 
Leisure deficits – n (%) 
Self-care – mean score (SD) 
Self-care deficits – n (%) 
Self-direction – mean score (SD) 
Self-direction deficits – n (%) 
Social – mean score (SD) 
Social deficits – n (%) 
Motor – mean score (SD) 


































































































5.3.6 Associations between psychiatric symptoms and stressors during pregnancy 
and poor infant developmental outcomes at age 6 months 
5.3.6.1 Bivariate correlation analyses 
A number of statistically significant correlations were found, as described below, Table 5.5.  
When considering maternal sociodemographic variables, it was found that unmarried women 
were more likely to deliver infants with poor fine motor outcomes at age 6 months (r = -0.20; 
p = 0.037).  Maternal psychiatric symptoms and stressors also emerged as an important variable 
in the correlation analyses.  Depression during pregnancy (as measured by the EPDS), was 
found to be associated with poor infant developmental outcomes in the adaptive behaviour 
(motor) subtest (r = -0.21; p = 0.037).  Infants of mothers who had been exposed to IPV were 
more likely to experience a range of poor developmental outcomes.  For example, mothers 
reporting a lifetime history of emotional abuse were at increased risk of delivering infants with 
poor outcomes in the receptive communication (language) (r = -0.27; p = 0.005) subtest; those 
with a lifetime history of physical IPV were more likely to deliver infants with poor outcomes in 
receptive communication (language) (r = -0.20; p = 0.04) and in the adaptive behaviour (motor) 
delay (r = -0.20; p = 0.04) subtests at 6 months; and those exposed to sexual IPV in their 
lifetimes were at increased risk of delivering infants with subsequently poor fine motor 
outcomes (r = -0.21; p = 0.03).  Unsurprisingly, maternal exposure to recent (past-year) IPV was 
also found to be significantly associated with poor infant developmental outcomes.  Following 
the risk profile of lifetime emotional abuse, mothers who reported emotional IPV during the 
past year were more likely to deliver infants with poor outcomes in the receptive 
communication (language) (r = -0.24; p = 0.01) and adaptive behaviour (motor) subtests 
(r = -0.19; p = 0.0498) at age 6 months.  Further, those reporting past-year physical IPV were at 
increased risk of delivering infants with poor expressive communication (language) outcomes 
(r = 0.25; p = 0.01); while past-year exposure to sexual IPV was found to be significantly 
associated with poor fine motor outcomes (r = -0.30; p = 0.002) at infant age 6 months. 
Infants whose mothers had used substances during pregnancy were more likely to experience 
poor developmental outcomes at age 6 months, as measured by a range of Bayley-III scales.  
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For example, maternal alcohol use was significantly associated with poor developmental 
outcomes in the communication subtest of the adaptive behaviour scale (r = -0.19; p = 0.048).  
Further, tobacco use was found to be associated with poor expressive communication 
outcomes (r = -0.22; p = 0.027).  In terms of infant growth and growth velocity, those with 
decreased HCAZ scores at 6 months were more likely to experience poor receptive 
communication (language) outcomes (r = 0.20; p = 0.049).  Further, those with reduced growth 
in head circumference for the first six months of life were at increased risk of poorer socio-
emotional developmental outcomes (r = -0.26; p = 0.023). 
5.3.6.2 Multiple regression analyses 
In the final regression analyses, outcomes of interest were poor developmental outcomes in 
any of the Bayley-III scales and subtests, ie. cognitive; gross motor; fine motor; receptive 
communication; expressive communication; socio-emotional; and the adaptive behaviour 
subtests – communication, health and safety, leisure, self-care, self-direction, social and motor.  
Predictor variables were those pertaining to maternal sociodemographic variables, general 
medical and psychiatric risk profiles, and alcohol or substance use. 
The regression model predicting fine motor development reached significance [r2 = 0.20 
(adjusted r2 = 0.13, F(8,88) = 2.75, p = 0.0094] (see Table 5.6), with maternal exposure to past-
year sexual IPV [t = -2.86, p = 0.005], and alcohol use during pregnancy [t = -2.29, p = 0.02] each 
found to be significant for predicting poor outcome in infant fine motor development at age 6 
months, when controlling for study site (clinic), maternal marital status, SES, depression, PTSD 
and tobacco use.
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Table 5.5 Bivariate analyses of the correlation between a number of psychosocial stressors, symptoms 
and other risk factors, and measures of infant (6-month) developmental outcomes 
Pearson correlation coefficients 
Prob > |r| under H0: Rho = 0 
Number of Observations 
 
 Sociodemographics General Medical Health Planning of Birth/ 
Partner Support 






























































































































































































































































































Pearson correlation coefficients 
Prob > |r| under H0: Rho = 0 
Number of Observations 
 
 Psychosocial Symptoms & Stressors 
 Depression PTSD Childhood Trauma 









































































































































































































Pearson correlation coefficients 
Prob > |r| under H0: Rho = 0 
Number of Observations 
 Psychosocial Symptoms & Stressors 






Emotional IPV               
(past-year) 
Physical IPV           
(past-year) 

















































































































































































































































Pearson correlation coefficients 
Prob > |r| under H0: Rho = 0 
Number of Observations 
 Substance Use Infant (6 month) Anthropometry Growth Velocity 
(z-scores) 
















































































































































































































































**p < 0.05 
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REC_COMM Receptive Communication 
EXP_COMM Expressive Communication 
SOC_EMO Socio-Emotional 
AB_COMM Adaptive Behaviour – Communication 
AB_HS  Adaptive Behaviour – Health & Safety 
AB_LS  Adaptive Behaviour – Leisure 
AB_SC  Adaptive Behaviour – Self-Care 
AB_SD  Adaptive Behaviour – Self-Direction 
AB_Soc  Adaptive Behaviour – Social 
AB_MO  Adaptive Behaviour – Motor 
 
 
Table 5.6     Multiple linear regression analyses of the association between exposure to past-year 
sexual IPV, and poor infant developmental (fine motor) outcomes 
 B (SE) 
 
IPV (sexual, past-year) 
Alcohol 
Study site (Mbekweni) 
















**p < 0.05 
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5.4 Discussion and conclusions 
In this study of infant neurodevelopmental outcomes in a LMIC population, we found that, 
although the Bayley-III mean scaled scores were within the “normal” range, there was a clinic-
specific difference across all Bayley-III subtests; and maternal exposure to past-year sexual IPV 
and alcohol use during pregnancy were found each to be significantly associated with poor fine 
motor development at infant age 6 months, when controlling for a number of potential 
confounders. 
As with the developmental markers in this infant cohort, measures of weight-for-age and head-
circumference-for-age were found to be within the normal range according to the WHO child 
growth standards (WHO 2014); and only a negligible percentage of the study sample exhibited 
severe failure in growth from birth to 6 months of age.  This is in contrast to the findings of the 
two Lancet series reporting loss of developmental potential of young children in LMIC countries 
(Grantham-McGregor et al. 2007; Walker et al. 2007, 2011; Engle et al. 2007, 2011; Lake 2011); 
and evidence from the recent WHO/UNICEF report on country, regional and global estimates 
(UNICEF & WHO 2004), which indicated an estimated prevalence of LBW of 14% in Sub-Saharan 
Africa.  However, our study population may be educated better than some in South Africa, as 
evidenced by the data that most had some high school education (Walker et al. 2011; Boyle et 
al. 2006).  Further, pre- and postnatal care for mothers enrolled in the DCHS is at least a 
minimal level, with exposure to longitudinal health promotive strategies (such as breastfeeding 
in this age group). 
When dichotomising the scaled scores, a site-specific difference across all Bayley-III scales was 
noted, with the prevalence of poor developmental outcomes at TC Newman generally higher 
than at Mbekweni.  Further, measures of anthropometry at 6 months also differed across the 
two sites, with participants at TC Newman fairing more poorly across most indicators (including 
decreased WAZ scores) than those at Mbekweni.  This discrepancy may be related to the 
notable difference in risk-factor profile between sites, with past-year IPV exposure, tobacco use 
during pregnancy and prenatal alcohol consumption all emerging as more prevalent at TC 
Newman. 
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A statistically significant association between past-year maternal exposure to sexual IPV and 
poor fine motor outcomes in infancy was demonstrated.  IPV exposure during pregnancy is 
exceedingly high in South Africa, with prevalence rates ranging from 2% to 57% (meta-analysis 
yielding an overall prevalence of 15%) (Shamu et al. 2011).  Adverse outcomes of such exposure 
may include maternal sequelae such as pregnancy loss, inadequate weight gain, depression and 
PTSD (Taillieu & Brownridge 2010; Martin et al. 2006; Rodriguez et al. 2008); as well as birth-
related effects such as preterm labour/delivery and low birthweight (see Chapter 4 – 
Publication 2, p 42-72; and Taillieu & Brownridge 2010; Covington et al. 2001; Murphy et al. 
2001).  However, data on the association between IPV exposure during pregnancy and 
developmental outcomes currently are limited.  To the best of our knowledge, ours is the first 
study to find this association.  Given the high prevalence of IPV, and the known birth-related 
adverse effects of this stressor, further work to delineate outcomes in early child 
neurodevelopment would be warranted. 
Maternal alcohol use during pregnancy was found to be significantly associated with poorer 
fine motor developmental outcomes at infant age 6 months.  Despite the paucity of data in 
LMIC settings, this finding is in keeping with the large body of work on the adverse effects of 
prenatal alcohol consumption (eg. Mattson et al. 2010, 2011, 2013).  As was the case in our 
study sample, most studies to date of fine and gross motor development suggest an adverse 
effect of prenatal alcohol exposure (Jones et al. 1973; Kyllerman et al. 1985; Barr et al. 1990; 
Mattson & Riley 1998). 
Notably, no significant associations were demonstrated between risk factors such as maternal 
psychological distress, psychopathology (PTSD, depression) or cigarette smoking; and poor 
infant development in this study sample.  While there is a paucity of existing data on the effect 
of maternal PTSD on infant neurodevelopment (see Chapter 6, Section 6.4 – Discussion and 
conclusions, p 113), a number of prospective, longitudinal maternal-child cohort studies have 
found that children exposed to maternal stress, depression and anxiety during the prenatal 
period are at increased risk of impaired cognitive development (eg. see Bergman et al. 2007; 
Deave et al. 2008).  Maternal smoking during pregnancy has also been shown to have a 
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deleterious effect on child neurodevelopment (eg. Huizink & Mulder 2007), likely due to foetal 
hypoxia and altered brain development (Cole et al. 1972). 
We also failed to demonstrate a statistically significant relationship between most infant 
growth parameters and neurodevelopmental outcomes (although - consistent with the 
relationship between anthropometry and infant development - infants in our cohort with 
reduced HCAZ scores and those with impaired growth in head circumference during the first six 
months of life, also had poor developmental outcomes).  The discrepancy between our findings 
and prior work in this field may be attributed to the overall ‘normal’ growth of the study cohort.  
Further, developmental testing at this early age may not allow for the detection of more subtle 
effects and associations. 
An immediate question is how maternal IPV exposure, prenatal alcohol consumption and other 
psychiatric symptoms and stressors contribute to poorer outcomes in infant development.  In 
general, these effects may be exerted via direct or indirect mechanisms.  For example, direct 
effects of alcohol use during pregnancy include teratogenicity (effects on primary structural 
development) on the foetal brain, and subtler alterations in brain growth, maturation, 
neurotransmitter concentration and neural pathway development (Donald 2013).  Indirect 
effects may be neurobiological (due to placental insufficiency) or environmental, relating to the 
overall burden of harm of alcohol consumption or IPV exposure.  Environmental factors such as 
occupational instability, malnutrition, poor health-seeking behaviour, sexual risk-taking 
behaviour, and concomitant tobacco and drug use may be associated with alcohol misuse and 
other psychiatric symptoms and stressors during pregnancy and may compound thus the 
adverse effect on childhood developmental outcomes (O’Connor et al. 2011; Harker et al. 
2008). 
The current study is limited by a number of factors.  First, this is a cross-sectional analysis of a 
longitudinal birth cohort data set.  Thus, temporality of causation is inherently difficult to 
determine.  Second, most of the maternal data included in the analyses were self-reported.  
Thus, intentional or unintentional under-reporting may have introduced bias into the 
assessment of IPV exposure, alcohol use and other predictor variables.  In future, the inclusion 
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of objective and quantitative measures of substance use (eg. fingernails and/or hair samples) 
may be of help in countering such self-report bias and epidemiological underestimation.  Third, 
all data were collected from one sub-district in the Western Cape Province, South Africa.  Thus, 
national and international generalisability is limited.  Fourth, our sample size is relatively small, 
with reduced statistical power to detect small associations.  Fifth, while unmeasured and 
residual confounding is likely in studies such as these, we attempted to minimise this by 
adjusting for key confounding variables such as SES and study site.  Finally, although the 
inclusion of a large number of bivariate correlation analyses (see Table 5.5) may have increased 
the potential for Type I error (and the detection of some false positives), these correlations 
were intended to be exploratory; and to inform the final multiple regression model predicting 
poor fine motor infant developmental outcomes (Table 5.6).  Nonetheless, in light of the 
potential of false positives, our key findings of a significant association each between past-year 
sexual IPV and prenatal alcohol use; and poor fine motor outcomes in infancy, should be taken 
with caution. 
Despite these limitations, our study provides valuable proof-of-principle preliminary data, 
complementing the emerging South African evidence base.  Further, ours is a novel exploratory 
study in a number of notable ways.  First, as it is nested within a much larger longitudinal birth 
cohort, the maternal and infant dataset contains a range of physical measures.  Second, the 
study population is high-risk, with several psychiatric symptoms and stressors.  Third, in this 
study, infants were assigned to the “exposed”-to-alcohol category at any reported level of 
maternal alcohol intake during pregnancy; they were not classified according to foetal alcohol 
spectrum disorder (FASD) clinical diagnostic criteria.  Thus, our findings underscore the adverse 
effect of any amount of alcohol exposure in utero, which remains after controlling for 
associated risk factors (see also Testa et al. 2003).  Fourth, while the detrimental effects of 
prenatal alcohol exposure have been well-described in this paper and elsewhere, additional 
psychiatric risk factors during pregnancy rarely are explored in LMIC populations.  In fact, to the 
best of our knowledge, ours is the first study to examine the association between IPV exposure 
during pregnancy and child neurodevelopmental outcomes.  Thus, further investigation of the 
multiple and interrelated prenatal risk factors for poor infant development is warranted.  
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Finally, our infant population is very young, and thus at an age at which subtle manifestations 
of effects on development may be difficult to detect.  In light of this, our finding of a statistically 
significant association each between IPV exposure and prenatal alcohol consumption, and poor 
outcome in infant fine motor development, is noteworthy. 
Primary prevention of the neurodevelopmental sequelae of prenatal IPV exposure, alcohol 
consumption and other psychiatric symptoms and stressors should be the initial goal of 
intervention strategies.  Health education for all women of child-bearing age is essential in this 
regard.  Secondary preventative strategies in LMIC countries are most likely to be effective if 
they are targeted at identifying children at risk early.  Detecting poor developmental outcomes 
at this early age using sensitive measures (such as the Bayley-III) may be useful in planning and 
implementing appropriate interventions during the so-called “window of sensitivity” in the first 
months of life (Morgan 2013).  Recommendations for effective early intervention strategies 
have included aiming these at children of lower SES; implementing for a longer period of time; 
ensuring high quality and high intensity; integrating with contextual variables such as family 
support, nutrition and educational networks; facilitating cost-effectiveness; and providing 
learning and skill-building experiences to children and families (Engle et al. 2007).  Continued 
research in this field is essential to inform interventions aimed at reducing the developmental 
losses affecting children in the LMIC context.  Through understanding of the magnitude and 
extent of this problem, appropriate preventative and intervention strategies ultimately may be 
devised. 
 
The next chapter – based on Publication 4 – will discuss the association between maternal 
PTSD and poor infant neurodevelopment at age 6 months in this cohort, thus addressing the 
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As a complement to Chapter 5 – Publication 3 (p 73-99), this chapter will focus on the 
association between maternal PTSD and infant developmental outcomes in the DCHS cohort, 
thus assessing directly the fourth research objective of this thesis (see Chapter 1, Section 1.6 – 
Study objectives and related publications, p 7): 
To determine the association between maternal PTSD and poor infant neurodevelopment at 
age 6 months in the study cohort. 
This chapter is based on a manuscript that has been submitted to the British Journal of 
Psychiatry (B J Psychiatry), as we believe it will be of great interest to the core readership of this 





Maternal PTSD may affect infant neurodevelopment adversely in LMIC settings.  We 
investigated the association between maternal PTSD and infant development in the DCHS. 
Method 
Maternal psychopathology was assessed using self-report and clinician-administered 
interviews; and 6-month infant development using the Bayley Scales of Infant and Toddler 





Data from 111 mothers and 112 infants (one set of twins) were included.  Most mothers (72%) 
reported lifetime trauma exposure; the lifetime prevalence of PTSD was 20%.  Maternal PTSD 
was significantly associated with poorer fine motor and adaptive behaviour (motor) 
development, with the latter remaining significant when adjusted for site, alcohol dependence, 
and birth HCAZ score. 
Conclusion 
Preliminary findings suggest that maternal PTSD may impair infant neurodevelopment.  Further 
work in LMIC populations may improve early childhood development in this context. 
 





PTSD is a debilitating disorder affecting vulnerable individuals who have been exposed to 
traumatic events.  Gender-specific differences in trauma exposure, and in the phenomenology 
of PTSD, have been well-documented (Herman et al. 2009; Kessler et al. 1995; Sartor et al. 
2011; Olff et al. 2007), with females at overall greater risk.  The development of PTSD during 
the prenatal and peripartum periods may be particularly harmful, with potential adverse effects 
on both mother and child (Seng et al. 2011; Morland et al. 2007; Rogal et al. 2007).  There is a 
growing body of work documenting the detrimental effects of trauma exposure and PSTD 
during pregnancy.  For example, in their prospective study of 89 five-and-a-half year-old 
offspring of mothers exposed to a moderately severe natural disaster, Laplante and colleagues 
(2008) reported that children exposed to high levels of objective stressors in utero scored lower 
on measures of cognitive and language abilities, compared to those who had been exposed to 
low-moderate levels of prenatal stress.  However, there is a relative paucity of research 
emerging from LMIC settings.  Further, few studies to date have explored specifically the 
association between maternal trauma exposure or PTSD and infant neurodevelopmental 
outcomes. 
The DCHS provides a unique opportunity to investigate the association between maternal 
trauma and PTSD with adverse birth and developmental outcomes in infancy and childhood in a 
previously understudied population (see Zar et al. 2015).  Prior studies in this birth cohort (eg. 
Koen et al. 2014) have found that this population has a higher prevalence of PTSD than has 
been reported in studies such as the SASH (Williams et al. 2007).  The purpose of the current 
analysis was to examine the association between maternal PTSD and infant development at age 
6 months; we hypothesised that PTSD would affect adversely infant developmental outcomes 




Data from the DCHS were used in this investigation of the association between maternal PTSD 
and infant neurodevelopment in a South African community setting.  This analysis includes a 
sub-sample of mothers enrolled into the cohort between March 2012 and December 2013.  
Details of participant enrollment can be found in Chapter 2, Section 2.3 – Participant 
recruitment and follow-up (p 9-10); and ethical processes relevant to this study in Chapter 2, 
Section 2.5 – Ethical considerations (p 20-21). 
6.2.1 Measures 
All assessment tools have been described in detail in Chapter 2, Section 2.4 – Measures and 
variable calculations (p 10-20).  For the purposes of this analysis, data pertaining to specific 
variables were collected as follows: 
Maternal assessment 
a) Sociodemographic characteristics – using the SES questionnaire designed for the DCHS. 
b) Psychosocial risk factors – using the World Mental Health Life Events Questionnaire 
(adapted from Myer et al. 2008), the Beck Depression Inventory (BDI-II) (Beck et al. 
1961, 1988, 1996a,b), the Edinburgh Postnatal Depression Rating Scale (EPDS) (Cox et al. 
1987), the SRQ-20 (Harding et al. 1980; Scholte et al. 2011) and the WHO’s Alcohol, 
Smoking and Substance Involvement Screening Test (ASSIST) (WHO ASSIST Working 
Group 2002). 
c) Trauma exposure and PTSD – using the Childhood Trauma Questionnaire (CTQ) 
(Bernstein et al. 1994), the Intimate Partner Violence (IPV) Questionnaire (Jewkes 2002; 
Shamu et al. 2011), and the Mini International Neuropsychiatric Interview (MINI) 
(Lecrubier et al. 1997; Sheehan et al. 1997, 1998).  For the purposes of this study, 
maternal phenotype data from the 6-month postpartum MINI assessment were used. 
On completion of the assessment, those participants with suspected psychopathology 
(including PTSD, depression and/or substance use) were referred by study staff to the most 
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appropriate care providers in the community, according to a standard operating procedure 
devised for the purposes of this study.  Further, information leaflets designed by the study team 
were made available to all participants to facilitate autonomous accessing of local health 
services. 
Infant outcomes 
Anthropometry (weight, HC, length/height) at birth and 6 months was measured by trained 
clinical staff, and the relevant z-scores then were calculated using the Fenton preterm growth 
chart as described in Chapter 2, Section 2.4 – Measures and variable calculation (p 18).  Infant 
developmental outcomes at age 6 months were assessed with the Bayley Scales of Infant and 
Toddler Development, Third Edition (Bayley-III) – see also Chapter 2, Section 2.4 (p 19-20).  The 
present analysis included only live births, and infants were included if they had developmental 
data from the 6-month postpartum visit. 
6.2.2 Statistical analyses 
All data were analysed using Stata 12 (StataCorp Inc, College Station, Texas, USA).  Frequency 
distributions and medians (interquartile ranges) were used to describe sociodemographic 
variables of interest (maternal age, marital status, education, employment, income); childhood 
and adult trauma exposure and stressful life events; PTSD, depression and psychological 
distress; alcohol and substance use; birth and 6-month anthropometry; and infant 
developmental outcomes.  Among trauma-exposed mothers, crude associations between 
maternal PTSD and infant development at age 6 months were explored using two-sample  
t-tests and Wilcoxon rank sum tests (Mann-Whitney tests) for normally and non-normally 
distributed outcome variables, respectively, where the outcome of interest was scaled scores 
on each subtest of the Bayley-III.  In cases where PTSD was significantly associated with scaled 
scores on the Bayley-III subtests in exploratory bivariate analysis (at p < 0.05), linear regression 
models were used to investigate the associations between maternal PTSD, potential 
confounders, and infant developmental outcomes.  The potential confounders explored 
included recruitment site, maternal education, IPV, maternal alcohol use, and infant 
106 
anthropometry.  This selection was informed by acyclic graphs and models built prior to 
conducting the analyses.  Likelihood ratio tests were used to assess model fit.  These analyses 
were restricted to trauma-exposed mothers in order better to parse out the effects of PTSD 
itself on infant development. 
6.3 Results 
6.3.1 Maternal sociodemographic characteristics 
A total of 734 mothers were enrolled during this study period.  Of these, 50 mothers were lost 
to follow-up between enrollment and delivery, and 10 experienced pregnancy losses 
(miscarriage or stillbirth).  Thus, there were 675 live births (including one set of twins) during 
this period.  Those without completed antenatal (maternal) and postnatal (infant 
developmental and maternal MINI assessment) data at the time of the study were excluded 
from the present analysis.  Data from 111 mothers and 112 infants (including one set of twins) 
were included in the final analysis. 
The median age of mothers at enrollment was approximately 25 years, Table 6.1.  Most (62%) 
were unmarried, and almost a third (32%) were primigravid.  The prevalence of maternal HIV 
infection was 19%.  Despite most participants (62%) having completed some secondary 
education, unemployment in this study sample was highly prevalent (84%).  The vast majority 
(88%) reported a household income of less than R5,000 per month. 
6.3.2 Psychosocial risk factors 
More than a quarter of the study sample scored above threshold on the self-report measures of 
depression (BDI-II: 29%; EPDS: 26%), Table 6.1.  These findings were supported by the clinician-
administered psychiatric assessment (MINI), in which 20% of the study sample was found to 
have experienced a major depressive episode (lifetime).  Approximately a quarter (24%) 
reported experiencing psychological distress (as measured by the SRQ-20), despite a relatively 
low median (IQR) score (1 (0; 3)) on the measure of past-year stressful life events.  Tobacco and 
alcohol use was prevalent in this study sample, with 41% reporting lifetime use of each of these 
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substances.  Further, almost a third (30%) of study participants reported tobacco use during 
pregnancy, with 8% reporting alcohol consumption during this period.  Clinician-administered 
assessment yielded a sample prevalence of 13% for lifetime alcohol abuse or dependence. 
6.3.3 Trauma exposure and PTSD 
Approximately a third (30%) of the study sample reported exposure to trauma during 
childhood, with half having been exposed to IPV during their lifetimes, Table 6.1.  Further, more 
than a third (35%) had experienced IPV during the past year.  The majority (72%) of this study 
sample reported exposure to at least one lifetime traumatic event (as defined by the DSM-5) – 














Number of mothers 56 (50) 55 (50) 111 
 
DEMOGRAPHIC AND PSYCHOSOCIAL CHARACTERISTICS 













Age at enrollment – median [IQR] 27.4 [21.9; 31.6] 24.0 [21.7; 27.5] 24.9 [21.7; 30.6] 
Married/cohabiting 19 (34) 23 (42) 42 (38) 
Educational achievement 
Primary education 
Some secondary education 

















Employed 6 (11) 12 (22) 18 (16) 
Average household income 
< R1000/month 


































Primigravid 14 (25) 21 (38) 35 (32) 
HIV-infected 21 (38) 0 (0) 21 (19) 
Median recent life events experienced [IQR] 1 [0; 1.5] 2 [1; 5] 1 [0; 3] 
Lifetime tobacco use 7 (13) 38 (69) 45 (41) 
Antenatal tobacco use 2 (4) 31 (56) 33 (30) 
Lifetime alcohol use 8 (14) 38 (69) 46 (41) 
Antenatal alcohol use 2 (4) 7 (13) 9 (8) 
Antenatal depression (BDI-II) – above threshold 16 (29) 16 (29) 32 (29) 
Antenatal depression (EPDS) – above threshold 15 (27) 14 (25) 29 (26) 
Antenatal psychological distress (SRQ) – above threshold 11 (20) 16 (29) 27 (24) 
    
MINI-diagnosed disorders (6 month postpartum study visit) 
Major depressive episode 9 (16) 13 (24) 22 (20) 
Alcohol dependence/abuse 5 (9) 9 (16) 14 (13) 
    
TRAUMA EXPOSURE & PTSD 
Self-reported demographic and psychosocial characteristics (antenatal study visit) 
Childhood trauma – above threshold 13 (23) 20 (36) 33 (30) 
Any lifetime IPV 21 (38) 34 (62) 55 (50) 
Any recent IPV 14 (25) 25 (45) 39 (35) 
 
MINI-diagnosed disorders (6 month postpartum study visit) 
Trauma exposure 41 (73) 39 (71) 80 (72) 
PTSD 
 
9 (16) 13 (24) 22 (20) 
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6.3.4 Infant outcomes 
6.3.4.1 Anthropometry 
The median (IQR) gestational age at delivery for infants in this study sample was 39 (38, 40) 
weeks, Table 6.2.  Fourteen percent of infants were born preterm, 8% had decreased WAZ 
scores at birth and 15% had reduced HCAZ scores at birth.  At age 6 months, the prevalence of 
decreased WAZ scores in this study sample was 7%, and 2% were found to have reduced HCAZ 
scores. 







n (%)  
Total 
n (%) 
Number of infants; sets of twins 57 (51); 1 55 (49); 0 112 
Gender – Female 34 (60) 24 (44) 58 (52) 
Median gestational age at delivery [IQR] 39 [38; 40] 39 [38; 40] 39 [38; 40] 
Preterm birth 7 (12) 9 (16) 16 (14) 
    
Infant anthropometry at birth 
Median weight in kg [IQR] 3.1 [2.8; 3.3] 3.0 [2.6; 3.5] 3.0 [2.7; 3.4] 
Median WAZ [IQR] -0.7 [-1.3; 0.1] -0.9 [-1.5; -0.01] -0.7 [-1.4; 0.03] 
Low WAZ (WAZ of -2 or below)  3 (5) 6 (11) 9 (8) 
Median head circumference in cm [IQR] 33 [32; 34] 34 [32; 34] 34 [32; 34] 
Median HCAZ [IQR] -0.6 [-1.4, 0.1] -0.6 [-1.6, 0.2] -0.6 [-1.5; 0.1] 
Low HCAZ (HCAZ of -2 or below)  7 (12) 10 (18) 17 (15) 
    
Infant anthropometry at 6 months of age 
Median age in months at study visit [IQR], 
corrected for prematurity at birth 
 
5.9 [5.9; 6.0] 
 
5.9 [5.8; 6.0] 
 
5.9 [5.8; 6.0] 
Median weight in kg [IQR] 8.1 [7.1; 8.8] 7.4 [6.5; 8.5] 7.8 [6.7; 8.6] 
Median WAZ [IQR] 0.4 [-0.4; 1.4] -0.1 [-1.0; 0.8] 0.2 [-0.8; 1.0] 
Low WAZ (WAZ of -2 or below)  1 (2) 7 (13) 8 (7) 
Median change in WAZ between birth and 
6 months [IQR] 
 
1.0 [-0.02; 1.9] 
 
0.6 [-0.4; 1.2] 
 
0.8 [-0.2; 1.5] 
Median head circumference in cm [IQR] 43 [42; 44.5] 43 [42; 44] 43 [42; 44.3] 
Median HCAZ [IQR] 0.2 [-0.6; 1.8] -0.01 [-0.7; 1.3] 0.2 [-0.6; 1.4] 
Low HCAZ (HCAZ of -2 or below)  2 (4) 0 (0) 2 (2) 
Median change in HCAZ between birth 
and 6 months [IQR] 
 
1.3 [-0.04; 2.5] 
 
1.0 [-0.1; 1.8] 
 
1.1 [-0.1; 2.1] 
1 WAZ, Weight-for-age z-score; HCAZ, Head-circumference-for-age z-score 
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6.3.4.2 Developmental outcomes at age 6 months 
The median scaled scores for each site, and for the total study sample fell within the normal 
range across all Bayley-III subtests (ie. no median scores ≥ 1 SDs below the standardised mean 
of 10), Table 6.3.  However, the prevalence of poor infant developmental outcome as 
demonstrated by dichotomised scaled scores was notable; and ranged from 0.9% (adaptive 
behaviour (communication)) to 26% (expressive communication and adaptive behaviour (self-
direction)).  Overall, 69% of infants in the study sample exhibited poor developmental 
outcomes on at least one of the Bayley-III subtests. 
6.3.5 Association between maternal PTSD and infant developmental outcomes at 
age 6 months 
In crude analyses restricted to trauma-exposed mothers (n = 81), maternal PTSD was found to 
be significantly associated with poorer infant developmental outcomes in the fine motor and 
adaptive behaviour-motor subscales, as measured by a reduction in the median scaled scores.  
Infants of mothers with PTSD were found to score 1.8 units (95% CI: 0.4; 3.3) lower on average 
on the fine motor subscale (p = 0.015) and 1.5 units (95% CI: 0.5; 2.4) lower on average on the 
adaptive behaviour (motor) subscale (p = 0.004), Table 6.4. 
While the association between maternal PTSD and poor fine motor outcomes was no longer 
significant when adjusted for study site and maternal education, maternal PTSD remained 
significantly associated with poorer outcomes in the adaptive behaviour (motor) subscale when 
adjusted for study site, alcohol dependence, and infant HCAZ at birth.  Infants of mothers with 
PTSD scored, on average, 1.3 units (95% CI: 2.3, 0.4) lower on the adaptive behaviour-motor 
subscale compared to infants of mothers without PTSD, independent of study site, alcohol 
dependence, and infant HCAZ at birth. 
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Table 6.3     Infant neurodevelopmental outcomes at 6 months of age 
 
Variable Mbekweni TC Newman Total 
Number of infants; sets of twins – n (%) 57 (51); 1 55 (49); 0 112 
Median age in months at study visit [IQR], 
corrected for prematurity at birth 
 
6.0 [5.8; 6.2] 
 
5.9 [5.7; 6.3] 
 
6.0 [5.7; 6.2] 
Cognitive scale 
Median score [IQR] 
Cognitive deficits – n (%) 
 
11 [8; 12] 
13 (23) 
 
10 [8; 11] 
9 (16) 
 
10 [8; 12] 
22 (20) 
Language (Communication) scale 
Receptive communication – median score [IQR] 
Receptive communication deficits – n (%) 
Expressive communication – median score [IQR] 
Expressive communication deficits – n (%) 
 
10 [9; 12] 
13 (23) 
11 [9; 14] 
13 (23) 
 
11 [8; 12] 
12 (22) 
10 [7; 13] 
16 (29) 
 
11 [8; 12] 
25 (22) 
11 [7; 13.5] 
29 (26) 
Motor scale 
Fine motor – median score [IQR] 
Fine motor deficits – n (%) 
Gross motor – median score [IQR] 
Gross motor deficits – n (%) 
 
13 [12; 15] 
2 (4) 
11 [9; 12] 
4 (7) 
 
13 [11; 15] 
3 (5) 
11 [8; 13] 
8 (15) 
 
13 [12; 15] 
5 (4) 
11 [8; 12] 
12 (11) 
Social-emotional scale 
Median score (IQR] 
Social-emotional deficits – n (%) 
 
13 [11; 15] 
1 (2) 
 
14 [11; 16] 
7 (13) 
 
13 [11; 15] 
8 (7) 
Adaptive behavior scale 
Communication – median score [IQR] 
Communication deficits – n (%) 
Health and safety – median score [IQR] 
Health and safety deficits – n (%) 
Leisure – median score [IQR] 
Leisure deficits – n (%) 
Self-care – median score [IQR] 
Self-care deficits – n (%) 
Self-direction – median score [IQR] 
Self-direction deficits – n (%) 
Social – median score [IQR] 
Social deficits – n (%) 
Motor – median score [IQR] 
Motor deficits – n (%) 
 
11 [9; 12] 
0 (0) 
10 [9; 10] 
3 (5) 
10 [9; 12] 
4 (7) 
10 [9; 12] 
4 (7) 
10 [7; 11] 
15 (26) 
11 [11; 12] 
2 (4) 
11 [10; 12] 
5 (9) 
 
11 [10; 12] 
1 (2) 
10 [10; 10] 
1 (2) 
11 [10; 13] 
6 (11) 
11 [10; 12] 
3 (5) 
10 [7; 12] 
14 (25) 
12 [11; 13] 
0 (0) 
11 [10; 12] 
7 (13) 
 
11 [10; 12] 
1 (0.9) 
10 [9; 10] 
4 (4) 
11 [9; 12] 
10 (9) 
11 [10; 12] 
7 (6) 
10 [7; 11] 
29 (26) 
12 [11; 13] 
2 (2) 
11 [10; 12] 
12 (11) 
Any deficits across all scales – n (%) 40 (70) 37 (67) 77 (69) 
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Table 6.4     Adjusted associations between maternal PTSD and (A) infant fine motor outcomes and (B) infant adaptive behavior (motor) outcomes at 
6 months of age, restricted to trauma-exposed mothers (n = 81) 
 
 (A) Adjusted associations between maternal PTSD and 
infant fine motor outcomes 
(B) Adjusted associations between maternal PTSD and 

































































Maternal educational achievement 
Tertiary education 
Completed secondary education 




-2.9 [-6.6; 0.] 
-2.2 [-5.7; 1.3] 








-2.3 [-6.1; 1.4] 
-1.8 [-5.3; 1.8] 








-1.0 [-3.5; 1.6] 
-1.0 [-3.4; 1.5] 
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Antenatal alcohol use 
No self-reported alcohol use 
Self-reported alcohol use 
 
Reference 




   
Reference 

















   
 
Reference 













Infant WAZ at birth 0.5 [-0.2; 1.1] 0.152   0.5 [0.03; 0.9] 0.038   
Infant WAZ at 6 months -0.1 [-0.6; 0.4] 0.719   0.2 [-0.2; 0.5] 0.401   
Change in infant WAZ: birth – 6 months -0.4 [-0.9; 0.1] 0.153   -0.1 [-0.5; 0.2] 0.449   
Infant HCAZ at birth 0.3 [-0.3; 1.0] 0.295   0.5 [0.1; 0.9] 0.010 0.4 [0.03; 0.8] 0.033 
Infant HCAZ at 6 months 0.3 [-0.2; 0.8] 0.217   0.2 [-0.1; 0.5] 0.285   
Change in infant HCAZ: birth – 6 
months 
 
0.1 [-0.4; 0.5] 
 
0.692 
   
































6.4 Discussion and conclusions 
In this study of mother-infant data from the DCHS, maternal PTSD was found to be significantly 
associated with poorer infant developmental outcomes in the fine motor and adaptive 
behaviour (motor) subscales (crude analyses); the latter association remained significant when 
adjusted for study site, alcohol dependence, and infant HCAZ at birth. 
While one small-scale study recently reported that exposure to maternal PTSD may be 
associated with emotion regulation difficulties in infancy (Enlow et al. 2011), to the best of our 
knowledge ours is the first to investigate specifically the association between maternal PTSD 
and infant neurodevelopment in a LMIC setting.  However, our findings are consistent with a 
growing body of work on the detrimental effect of maternal anxiety on infant and child 
neurodevelopment.  For example, in their prospective study of 170 mother-infant dyads, 
Huizink and colleagues (2003) reported that higher levels of maternal pregnancy-specific 
anxiety predicted lower mental and motor developmental scores at infant age 6 months.  
Similarly, in their investigation of 105 Caucasian mother-infant dyads, Brouwers and colleagues 
(2001) found that high maternal anxiety during late pregnancy was associated with lower 
mental developmental scores on the Bayley Scales of Infant Development at age 2 years.  More 
recently, Hadley and colleagues (2008) have reported that maternal symptoms of common 
mental disorders (including anxiety and depression) were significantly associated with poorer 
motor, language and social development of 431 infants aged 3 to 24 months in a rural Ethiopian 
setting. 
It is interesting to note that maternal PTSD was associated only with deficits in fine motor infant 
development in this study sample.  More specifically, a statistically significant effect on 
cognitive or language neurodevelopment was not demonstrated.  This is seemingly inconsistent 
with prior work in this field.  For example, in their prospective investigation of 58 mother-infant 
dyads exposed to a natural disaster during pregnancy (an ice storm in Québec, Canada – 
January 1998), Laplante and colleagues (2004) reported that high levels of prenatal stress were 
associated both with lower general intellectual performance (on the Bayley Mental 
Development Index (MDI)), and poorer receptive language abilities.  As discussed in Chapters 3 
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(Section 3.4 – Discussion and conclusions, p 39) and 5 (Section 5.4 – Discussion and conclusions, 
p 97-98), this inconsistency may be due to our relatively small sample size with limited power to 
detect effects of smaller sizes; or to developmental testing at an age too early to detect subtle 
associations. 
Several different mechanisms for such an association between maternal stress and anxiety and 
deficits in infant neurodevelopment have been proposed, including hyperactivity of the HPA-
axis, with resultant hypercortisolism in both the mother and the infant (Glover et al. 2010; 
Talge et al. 2007; Van den Bergh et al. 2005).  Epigenetic modifications via glucocorticoid 
receptor methylation (“silencing”) in children exposed to maternal trauma, stress and anxiety 
(Radtke et al. 2011; Stein et al. 2014) as well as behavioural components associated with 
maternal PTSD such as hypervigilance or readily distracted attention (Talge et al. 2007) also 
may contribute to impaired infant neurodevelopment. 
A number of key limitations should be borne in mind when considering our study findings.  
First, our study sample was relatively small, thus reducing the power to detect potentially 
significant associations such as those between maternal exposure to psychological trauma and 
infant developmental outcomes.  Second, data on certain psychosocial risk factors (including 
psychological distress and alcohol or tobacco use) were obtained from self-report assessment 
tools, which may have biased these findings.  Third, all MINI data included in these analyses 
were taken from the 6-month (postnatal) timepoint, which is concordant with the timing of the 
infant developmental assessments.  However, given that posttraumatic symptomatology must 
be present for at least 1 month to meet the DSM-IV diagnostic criteria for PTSD (APA 2013), it is 
not unreasonable to assume that – at least a proportion of – the maternal PTSD cases preceded 
the onset of poor infant developmental outcomes.  Fourth, potential moderators and 
mediators in the relationship between maternal PTSD and infant neurodevelopment (such as 
partner support and parenting style) were not included in this analysis.  Fifth, while it is possible 
that unmeasured confounders influenced our findings, we attempted to minimise residual 
confounding by adjusting for key variables such as study site and SES.  Finally, the large number 
of bivariate analyses (in which the outcome of interest was scaled scores on each subtest of the 
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Bayley III assessment) may have introduced Type I error.  That said, these analyses were 
intended to be exploratory in nature, with the final multiple regression model informing the key 
findings in this study. 
Despite these limitations, the prospective nature of our study has made possible one of the first 
tests of the association between maternal PTSD and subsequent deficits in infant 
neurodevelopment, and the first in a LMIC context.  However, our findings should nonetheless 
be taken as preliminary, given the number of tests completed and the limited power to control 
for the full range of possible moderators, mediators and confounders.  A focus on infant and 
child development is particularly relevant in LMIC settings.  Two recent reviews of data from 
developing countries (Grantham-McGregor et al. 2007; Walker et al. 2007, 2011; Engle et al. 
2007, 2011; Lake 2011) emphasised that more than 200 million children under the age of 5 
years do not reach their cognitive developmental potential in this context.  Given the high 
prevalence of exposure to trauma and PTSD in pregnant women, our preliminary data may be 
important for informing culturally-appropriate health promotion, screening and intervention 
campaigns. 
 
The next chapter – based on the fifth, and final, publication – will explore the genetic risk 
factors associated with the development of PTSD among traumatised individuals in this 
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As the final manuscript included in this thesis, this is the first to include aspects of genetic 
analyses, and thus will address specifically the fifth and final research objective (see Chapter 1, 
Section 1.6 – Study objectives and related publications, p 7): 
To determine the association between variants in specific candidate genes (which previously 
have been identified as being associated with the stress response and PTSD) and PTSD in this 
cohort. 
Written in collaboration with co-authors and colleagues at Emory University, Atlanta, GA, USA, 
this manuscript is in submission to Acta Neuropsychiatrica (the official Journal of Scandinavian 





Studies of PTSD provide heritability estimates ranging from 30% to 46%, and specific genetic 
variants may confer increased risk for PTSD in traumatised individuals.  Despite the growing 
body of work, there remains a paucity of data from populations of African ancestry.  We 
investigated the association between PTSD candidate genes and the development of this 
disorder among traumatised women in the DCHS, in which mothers have been found to have a 
high prevalence of trauma and PTSD. 
Methods 
Sociodemographic characteristics and data on PTSD symptomatology were collected using self-
report and clinician-administered tools.  Genotyping was done using the PsychArray BeadChip 
from blood DNA.  Logistic regression analyses were used to determine the association between 
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33 selected candidate genes and PTSD, using principal component as a covariate to correct for 
population stratification. 
Results 
Data from 374 mothers were included.  The vast majority (89%) reported exposure to at least 
one traumatic event in their lifetimes; with almost a third above threshold for PTSD.  Among 
the 33 selected single nucleotide polymorphisms (SNPs), one SNP in the 3'-untranslated region 
(3’-UTR) of the regulator of the G-protein signaling 2 (RGS2) gene, rs4606, was found to be 
significantly associated with lifetime PTSD in this cohort, after correction for multiple testing. 
Conclusion 
This study represents the first data of an association between a SNP in the RGS2 gene and PTSD 
in a population of African ancestry.  This finding is consistent with prior work on anxiety in 
animals and humans; and with one study of PTSD in European-Americans.  Further work in 
unique and under-studied populations such as ours would be useful to delineate the role of 
RGS2 and related variants in the development of PTSD. 
 





To date, studies of PTSD have provided heritability estimates ranging from 30% to 46% (Skelton 
et al. 2012; Sartor et al. 2011, 2012; Brewin et al. 2000; True et al. 1993; Koenen et al. 2008a).  
These include family studies, reporting that relatives of individuals with the disorder are at 
higher risk of PTSD than control relatives (Koenen et al. 2008b; Sack et al. 1995; Yehuda et al. 
2001a); and twin studies, which aim to delineate genetic and environmental risk factors for this 
disorder (True et al. 1993; Stein et al. 2002).  More recently, focused candidate gene studies 
have identified a number of stress-related polymorphisms which may confer increased 
vulnerability to PTSD.  These include variants in the monoamine (Kilpatrick et al. 2007; 
Kolassa et al. 2010a,b; Segman et al. 2002; Comings et al. 1996; Voisey et al. 2009), 
neurotrophic (Zhang et al. 2014; Hemmings et al. 2013), peptidergic (Ressler et al. 2011); and 
HPA-axis-related systems (Binder et al. 2008; White et al. 2013; Boscarino et al. 2012), all of 
which have been shown to play a role in the stress response in animals and in the neurobiology 
of PTSD in humans. 
Despite the growing body of work on the genetics of PTSD, there is a paucity of data from 
populations of African ancestry such as those in South Africa.  According to nationally 
representative studies, most South Africans experience some traumatic event in their lifetimes 
(Williams et al. 2007).  Prior work by our group in the DCHS has found that approximately a 
third of participants in this setting are above threshold for PTSD (see Chapter 4 – Publication 2, 
p 55-56; Koen et al. 2014).  South Africa has unique ethnolinguistic populations, some with 
ancient genomes and great variability (Tishkoff & Williams 2002).  These populations are 
particularly heterogeneous, owing to historical patterns of migration and relocation, and are 
thus particularly informative for novel studies of complex genetic diseases (Tishkoff & Williams 
2002).  Thus, South Africa and similar LMIC countries provide a unique opportunity for the 
study of PTSD and other trauma- and stressor-related disorders.  This study will aim to address 
the gap in current scientific and clinical knowledge; and the association between specific 
candidate genes and the development of PTSD among traumatised women in a South African 
birth cohort study. 
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7.2 Methods 
This study reports data from the DCHS.  Details of participant enrollment can be found in 
Chapter 2, Section 2.3 – Participant recruitment and follow-up (p 9-10); and ethical processes 
relevant to this study in Chapter 2, Section 2.5 – Ethical considerations (p 20-21). 
7.2.1 Phenotype assessment 
As described in Chapter 2, Section 2.4 – Measures and variable calculation (p 10-18), enrolled 
women were assessed at 28 – 32 weeks’ gestation using self-report and clinician-administered 
measures, as follows: 
a) Sociodemographic characteristics – SES was assessed using a questionnaire designed 
for the DCHS. 
b) Trauma exposure and PTSD – the Modified PTSD Symptom Scale (MPSS) (Foa et al. 
1993) and the Mini International Neuropsychiatric Interview (MINI) (Lecrubier et al. 
1997; Sheehan et al. 1997, 1998) were used to assess lifetime PTSD from a number of 
antenatal and postnatal timepoints.  Based on their responses to the MPSS and MINI 
items, participants were categorised into three groups – those having no trauma 
exposure; those with trauma exposure but no PTSD; and those who developed PTSD 
following trauma exposure. 
Those women with suspected PTSD (or other psychopathology) on the self-report or clinician-
administered measures were referred to local health service providers according to a standard 
operating procedure designed for this study.  Educational pamphlets produced by the study 
team were distributed to all study participants, to facilitate self-directed healthcare seeking. 
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7.2.2 Statistical analyses 
All data were analysed using Stata 12 (StataCorp Inc, College Station, Texas, USA).  Frequency 
distributions and medians (interquartile ranges) were used to describe sociodemographic 
variables (age, marital status, educational attainment, income); trauma exposure; and PTSD.  In 
order to maximise the number of participants in our analyses, PTSD diagnosis based on the 
MPSS and MINI were combined to provide information on lifetime PTSD.  Participants were 
categorised as either having no trauma exposure; or trauma-exposed but no lifetime PTSD; or 
having lifetime PTSD.  In our genetic analyses, we included only participants with trauma 
exposure but without lifetime PTSD (as controls); and participants with lifetime PTSD (as cases). 
7.2.3 Genetic analyses 
Blood samples were collected on-site from participants at enrollment by trained study nurses, 
and samples transported to dedicated laboratory facilities at Red Cross Children’s Hospital, 
Cape Town, South Africa.  DNA was extracted from blood samples using the QIAsymphony® DSP 
DNA Midi kit and protocol.  DNA was quantified using BioDrop (Whitehead Scientific, South 
Africa) and normalised to a concentration of 5-10ng/ul.  All samples were tracked using a 
Laboratory Information Management System (LIMS; Freezerworks, USA). 
Genotyping was performed at Emory University, Atlanta, GA, USA.  Genome-wide SNP 
genotyping was conducted using the Illumina Infinium PsychArray Beadchip, a GWAS-based 
Illumina custom array containing about 271,406 Tag single nucleotide polymorphisms (SNPs) 
and approximately 50,000 markers associated with common psychiatric disorders.  This is a 
cost-effective, high-density micro-array designed for large-scale genetic studies focused on 
psychiatric predisposition and risk.  The combination of rare psychiatric-relevant markers, Tag 
SNPs, and exome content make the PsychChip the ideal array for our setting.  We selected for 
analysis 33 candidate SNPs which have been identified as associated with the stress response 
and PTSD in prior work (Nievergelt et al. 2015; Rothbaum et al. 2014).  Genome-wide genotype 
data were used by the Psychiatric Genomics Consortium (PGC) to impute all 33 candidate SNPs 
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used in the analyses; genome-wide association data were also used to calculate the Principal 
Component (PC) to correct for population stratification (see below). 
Standard quality control of the genome-wide data was performed by the PGC, first removing 
SNPs with call rates < 95%, and individuals with greater than 2% missing data; then removing 
SNPs with call rates < 98%, those with a missing difference between case and control greater 
than 0.020, and those with Hardy-Weinberg equilibrium (HWE) p-values < 1x10-6 in controls and 
< 1x10-10 in PTSD patients.  We also removed one in each pair of related individuals with an 
identity by descent proportion > 0.12 (indicating cousins or a closer relation).  PC eigenvectors 
of the genetic relationship matrix were calculated using independent autosomal SNPs with an r2 
of 0.05 for non-imputed SNPs (following the quality control procedures as described above).  
Statistical analysis showed that PC1 was sufficient to account for population sub-structure. 
The study population was divided by the PGC into two subgroups based on ancestry: one 
including women of only African Ancestry (n = 218) (Subpopulation A), and one including 
women of Mixed Ancestry (n = 157) (Subpopulation B); outliers were excluded from the 
analyses (Figure 7.1).  The association between the selected SNPs and PTSD diagnosis was 
examined in each subgroup using logistic regression, in which PTSD status was the outcome, 
SNP genotype the independent continuous variable, and the first principal component as the 
covariate.  We used the additive model for the genotype, with the minor allele coded as 1.  
Multiple testing was addressed with Bonferroni correction.  Results from each subpopulation 
were then meta-analysed. 
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Figure 7.1 Principal component plots 
 
A. The first two principal components (PCA1 and PCA2) were able to be separated into 
Subpopulation A (African Ancestry only) and Subpopulation B (Mixed Ancestry): 
- Subpopulation A (SAFRA) PCA1 < -0.01 






B. PCA1 and PCA3 were able to distinguish Subpopulations A and B; and to exclude a few 
outliers: 
- SAFRA PCA1 < -0.01 and PCA3 > -0.01 
- SAFRB PCA1 > -0.01 and PCA3 > -0.01 






C-F) Principal component plots: PCA2/PCA3, PCA2/PCA4, PCA3/PCA4, PCA5/PCA6; these 
components were not able to distinguish SAFRA from SAFRB but were able to identify a 
few more outliers to be excluded. 
 
 





























7.3.1 Maternal sociodemographic characteristics 
DNA from 680 enrolled mothers was collected between March 2012 and May 2014.  After data 
cleaning and removal of related individuals, 599 samples were available for analyses.  Within 
this population, 435 participants were eligible for this study as they were categorised as being 
trauma-exposed (but with no PTSD), or as being above threshold for PTSD on either the MPSS 
or the MINI (after data harmonisation).  During the process of imputing all missing SNPs, 
outliers were removed by the PGC.  Thus, the final analysis comprised data from 374 mothers, 
divided by ancestry, Figure 7.2.  The median age of study participants at enrollment was 22 
years, Table 7.1.  The vast majority (78%) was unemployed; and the average household income 
was ≤ R5,000 in most cases (85% of the study sample).
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Number of mothers 212 (57) 162 (43) 374 
    










Age at enrollment – median [IQR] 22.2 [26.6; 31.4] 21.3 [24.9; 29.4] 22.0 [25.9; 30.7] 
Employed 41 (19) 41 (25) 82 (22) 
Average household income 
< R1000/month 





























Trauma exposure & phenotype data 
MINI phenotype (n = 313) 
No exposure 














MPSS phenotype (n = 338) 
No exposure 












































n = 680 
 
n = 599 
ELIGIBLE SAMPLE 
n = 435 
(Trauma-exposed +/- 
PTSD) 
• REMOVAL OF RELATED 
INDIVIDUALS 
• DATA CLEANING 
 
n = 81 
REMOVAL OF INDIVIDUALS 
WITH INCOMPLETE 
PHENOTYPE DATA 
n = 164 
FINAL SAMPLE 
n = 374 
(Maximum sample size 
after phenotype 
harmonisation) 
• REMOVAL OF INDIVIDUALS 
WITH NO TRAUMA EXPOSURE 
• REMOVAL OF OUTLIERS (PGC) 
n = 61 
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7.3.2 Trauma exposure and PTSD 
Most participants (89%) reported exposure to at least one traumatic event in their lifetimes 
during MINI assessment, Table 7.1.  In this study sample, almost a third of participants 
developed PTSD, as assessed by the self-report MPSS (yielding a PTSD prevalence of 27%), and 
the clinician-administered MINI (PTSD prevalence of 29%). 
7.3.3 Genetic polymorphisms conferring increased risk for PTSD 
After performing meta-analyses of the results from the two independent subpopulations (A and 
B), one SNP – rs4606 – located within exon 5 of the Regulator of G-protein Signaling 2 (RGS2) 
gene, survived Bonferroni correction (0.05/32 = 0.0015625) (p = 0.000521).  This SNP was found 
to have the lowest p-value in Subpopulation A (p = 0.001976), and the second lowest 
(p = 0.0748) in Subpopulation B.  The regional RGS2 gene locus of the meta-analysed p-values 
showed a cloud of SNPs in the RGS2 within one recombination block, with all reaching p-values 
in the order of 10e-3, Figure 7.3.  Almost all SNPs were located in the 5’ site of the gene, 
implicating a possible regulatory function of the candidate SNPs.  The G allele (minor allele) was 
associated with PTSD in both subpopulations, but particularly Subpopulation A, Figure 7.4. 
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Figure 7.3 Regional RGS2 locus association plot 
 
Allelic variation in the RGS2 locus is shown in the association plot with PTSD diagnosis.  The X-axis 
shows the position of the SNPs and the RGS2 gene on Chromosome 1 (the gene is represented by the 
blue line); the arrow indicates the 5’-3’ direction.  Purple diamonds indicate the SNP with the lowest 
p-value, which is denoted by the rs number.  Circles show all the other mapped SNPs; their colour 
indicates the strength of linkage disequilibrium (LD) between the top associated SNP and the variant.  
Red indicates complete LD (r2 = 1); grey indicates no LD (r2 = 0).  The Y-axis represents the strength of 
association as minus log10 of the p-value. The blue line-picks represent the recombination rate in 
cMMb.  The meta-analysed p-values show a cloud of SNPs in the RGS2 within one recombination 






Figure 7.4 Allelic variation in the RGS2 gene (SNP rs4606) 
 
Allelic variation in the RGS2 gene (SNP rs4606) was associated with PTSD in both subpopulations (A 
and B).  Figure 7.4 demonstrates PTSD and Control subjects stratified by allelic variants G/C at rs4606 
(RGS2).  The G allele was associated with increased risk of PTSD in both subpopulations (p = 0.001976 
and p = 0.0748 respectively for Subpopulations A and B). 
 
  
0 = CC 
1 = GC 
2 = GG 
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7.4 Discussion and conclusions 
To our knowledge, this is the first study to investigate the association between a SNP of the 
RGS2 (Regulator of G-protein Signaling 2) gene and PTSD in an African population.  In the 
Drakenstein cohort – a highly traumatised study population with almost a third of participants 
above threshold for PTSD – we found that rs4606, a polymorphism in the RGS2 gene, was 
significantly associated with PTSD, after controlling for population stratification.  The G allele 
(minor allele) was associated with increased risk of developing this disorder in this cohort. 
RGS2 is part of a large family of signaling proteins (Hollmann et al. 2005) – the G-protein 
coupled receptors – which are involved functionally in the activation of intracellular signal 
transduction and in regulating vasoconstriction (Hollinger & Helper 2002).  RGS2 knock-out has 
been associated with anxiety in mice (Yalcin et al. 2004); as well as with the development of 
panic disorder in humans of Asian (Otowa et al. 2011) and European (Leygraf et al. 2006) 
descent, with the strongest association in the latter study being observed for a haplotype 
including rs4606 (C as risk allele), a SNP in the 3' UTR of RGS2.  Variations in rs4606 have been 
found also to be significantly associated with the development of generalised anxiety disorder 
in a sample of 607 adults who had been exposed to the 2004 Florida Hurricane (higher 
prevalence of the C-allele among patients than controls) (Koenen et al. 2009); and with 
increased vulnerability to suicide (higher prevalence of the G-allele in suicide versus controls) in 
a Japanese population (Cui et al. 2008).  To date, only one study has investigated specifically the 
association between rs4606 and PTSD (Amstadter et al. 2009).  In this gene-environment study 
of data from the 2004 Florida Hurricanes Study, the rs4606 SNP C-allele (major allele) was 
found to be associated with increased symptoms of post-hurricane PTSD in the context of low 
social support and high hurricane exposure.  This polymorphism was found also to increase the 
risk of lifetime PTSD symptoms under the conditions of low social support and lifetime trauma 
exposure.  All interactions remained significant when adjusted for sex, ancestry, and age.  As is 
the case for most work in this field, the vast majority of participants in this study self-reported 
as European-American.  Thus, our study provides a novel complement to these findings, using 
data from a unique cohort of African and Mixed Ancestry.  Further, our focus on female 
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participants – particularly pregnant women and new mothers – is relevant given that women 
are more vulnerable to PTSD (Beck et al. 2011; Söderquist et al. 2009; Sartor et al. 2011; Olff et 
al. 2007).  Of interest, it seems that the minor allele (G allele) of the rs4606 SNP confers risk in 
our cohort, versus the major allele (C allele) in the Florida Hurricanes study (Amstadter et al. 
2009).  One explanation for this discrepancy may be that rs4606 is not the functional SNP, but 
rather is in linkage disequilibrium with another SNP. 
Given the unique composition of our study sample, it is also notable that no other SNPs 
previously found to be associated with the stress response and PTSD (see Nievergelt et al. 2015; 
Rothbaum et al. 2014) were significantly associated with this disorder in the current study.  To 
date, most research has focused on candidate genes in the HPA axis; the noradrenergic (locus 
coeruleus) system; and the limbic-frontal pathways, particularly those mediating fear 
processing (Nievergelt et al. 2015; Koenen 2007).  For example – and of relevance to our study 
setting – Hemmings and colleagues (2013) recently reported a significant interaction effect 
between polymorphisms of the brain-derived neurotrophic factor (BDNF) and dopamine 
receptor 2 (DRD2) genes on PTSD symptom severity in 150 participants from an at-risk South 
African population.  Our null findings in relation to prior work in this field may be due to a 
number of factors, including our candidate gene approach – in which the 33 selected SNPs were 
representative of only a small percentage of the large and diverse genetic risk for PTSD.  
However, it is also noteworthy that the current body of PTSD candidate gene data remains 
inconsistent, possibly owing to the notable heterogeneity among the index traumatic events, or 
to small samples sizes. 
The current study has a number of noteworthy limitations.  First, we used a candidate gene 
approach, as our relatively low sample size would not allow for more sophisticated genetic 
analyses.  Second, as genotype imputation was used in this analysis – rs4606 is an imputed SNP 
– low-frequency variants may not have been captured.  Third, recall bias may exist, due to data 
on trauma exposure and PTSD symptoms being collected over the participants’ lifetimes.  
Finally, our sample size was relatively small, and thus may have diminished our ability to detect 
potentially significant main effects.  Nonetheless, our study may constitute a novel contribution 
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to the genetic understanding of a complex psychiatric illness in a unique population, the 
genomic organisation of which is older than many others (Tishkoff & Williams 2002).  Despite 
the adversity faced by many, not all traumatised individuals go on to develop PTSD.  Thus, by 
identifying genetic or other factors that confer increased risk (or resilience) to this disorder, 
further work in this field may increase the current understanding of the neural circuitry of fear 
dysregulation; identify genetic pathways contributing to PTSD; and ultimately lead to improved 
neurobiological knowledge and management of this disorder. 
 
The final chapter of this thesis will contain a general discussion of the findings presented 






GENERAL DISCUSSION AND CONCLUSIONS 
This chapter will comprise a discussion of (a) the key findings of this thesis, in summarised and 
integrated form; (b) their significance in light of prior published work; (c) the limitations of the 
studies described in each chapter; (d) the value of the body of work described in the thesis, and 
recommendations for future directions in this field with a focus on translational research in 
LMIC countries such as South Africa; and (e) clearly articulated conclusions. 
8.1 Summary of findings 
This thesis aimed to investigate a number of questions about trauma and PTSD in the 
Drakenstein Child Health Study – an ongoing South African birth cohort study.  Specific research 
questions pertained to their prevalence and risk factors in pregnant women, their impact on 
infant birth anthropometry and development, and their genetic correlations.  Five publications 
addressing these research questions have been included.  The key findings of this thesis were as 
follows: 
(1) Across all studies, psychological trauma (including exposure to childhood trauma, IPV 
and lifetime trauma) and lifetime PTSD each were found to be highly prevalent – the 
prevalence of lifetime PTSD was notably higher in this cohort (ranging from 19% to 33% 
across studies) than has been reported in prior studies such as the SASH (Herman et al. 
2009).  Recent life stressors were found to be significantly associated with lifetime 
trauma (when controlling for SES, study site and recent IPV); while childhood trauma 
and recent stressors were significantly associated with PTSD, controlling for SES and 
study site.  These findings are in line with Hypotheses (a) and (b) of this thesis (see 
Chapter 1, Section 1.6 – Study objectives and related publications, p 7), ie: 
Hypothesis (a) 




We expected to find significant associations between all or some of the known environmental 
risk factors, and/or the known stress-related genetic polymorphisms, with the presence of 
PTSD. 
(2) Maternal trauma exposure was found to increase significantly the risk of poor infant 
anthropometry at birth.  Specifically, mothers who had been exposed to physical IPV 
during the past year were found to be more likely to deliver an infant with low 
birthweight (when controlling for study site (clinic), maternal height, ethnicity, SES, 
substance use and childhood trauma); while those reporting lifetime trauma exposure 
were found to be at increased risk of delivering an infant with reduced head-
circumference-for-age z scores (HCAZ) at birth.  This association remained significant 
when adjusted for study site and recent stressors.  These results are in keeping with 
Hypothesis (c) of this thesis (see Chapter 1, Section 1.6 – Study objectives and related 
publications, p 7), ie: 
Hypothesis (c) 
We expected to find notable associations between maternal trauma and/or PTSD, and 
adverse birth and infant outcomes. 
(3) Maternal trauma exposure and PTSD each were found to be significantly associated with 
poor infant neurodevelopment at age 6 months.  Infants born to women reporting a 
history of past-year sexual IPV exposure were found to have poorer fine motor 
outcomes, when controlling for clinic site, marital status, SES, depression, PTSD, and 
tobacco use.  Further, maternal PTSD was found to be significantly associated with 
poorer fine motor and adaptive behaviour (motor) development, with the latter 
remaining significant when adjusted for site, alcohol dependence, and birth HCAZ score.  
These findings are thus also in line with Hypothesis (c), as above. 
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(4) Among the 33 selected single nucleotide polymorphisms (SNPs) genotyped in this 
cohort, one SNP in the 3'-untranslated region (3’-UTR) of the regulator of G-protein 
signaling 2 (RGS2) gene, rs4606, was found to be significantly associated with lifetime 
PTSD after correction for multiple testing.  This finding thus confirmed Hypothesis (b) of 
this thesis, as above. 
(5) Throughout all studies, a number of noteworthy findings were also not consistent with 
the initial hypotheses; nor with prior work in the field.  These discrepancies may have 
been attributable to multiple factors, including limited power to detect smaller effect 
sizes; heterogenous assessment of trauma and posttraumatic stress symptomatology; 
unmeasured (residual) confounding; or temporality of measured risk and outcome 
variables. 
8.2 Significance of findings 
8.2.1 Psychological trauma and PTSD: prevalence and risk factors 
The findings of this thesis are consistent with a large body of work documenting the high 
trauma burden in LMIC countries such as South Africa.  Gender-based violence is particularly 
problematic, and presents a notable health risk for women of reproductive age.  In their study 
of 1,395 women attending antenatal clinics in Soweto, South Africa, Dunkle and colleagues 
(2004b) reported that more than half (55%) of respondents had experienced physical or sexual 
IPV.  This is in keeping with large multi-site studies and reviews of international data (eg. 
Garcia-Moreno et al. 2006; Krug et al. 2002).  The identification of risk factors associated with 
trauma and IPV may contribute to improved primary prevention, and thus has been of growing 
interest in recent years.  For example, in their systematic review of risk factors in adult and 
adolescent study samples, Capaldi and colleagues (2012) reported that contextual factors 
(including low level of education and unemployment); developmental characteristics (eg. 
exposure to childhood trauma); partner behaviours (eg. poor socio-emotional support); and 
relationship influences (such as interpersonal discord) all may increase the risk of IPV.  Similarly, 
in their cross-sectional study of a large sample (n > 1000) of women aged 18 – 49 years across 
three South African provinces, Jewkes and colleagues (2002) reported that risk factors for IPV 
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exposure included prior childhood trauma, low educational level, alcohol consumption and 
frequent interpersonal conflict.  While the analyses in this thesis yielded a significant 
association between recent life stressors and lifetime trauma exposure, there is a scarcity of 
published studies investigating specifically the risk factors for psychological trauma in LMIC 
settings; and further work in this area is warranted. 
The prevalence of PTSD in our cohort was found to be notably higher than has been reported in 
nationally (eg. Herman et al. 2009) and internationally (eg. Kessler et al. 1995, 2005) 
representative studies.  One explanation for this discrepancy may be that the Drakenstein study 
population is a highly vulnerable cohort, exposed to additional risk factors such as low SES, co-
morbid depression and stressful life events.  All these may confer increased and cumulative 
susceptibility to our study participants, when compared to the general population. 
In our cohort, exposure to childhood trauma and recent stressors each were found to increase 
the risk of developing PTSD following traumatic exposure.  There is a large body of work 
detailing the adverse neurobiological effects of childhood trauma and early life stress (eg. 
Nemeroff 2004; Neigh et al. 2009), which in turn may increase the risk of psychopathological 
disorders in adulthood (Heim & Nemeroff 2001).  In an early cross-sectional study of 1,931 
women attending four community-based, primary care internal medicine practices, McCauley 
and colleagues (1997) found that those women reporting a history of physical or sexual abuse 
during childhood scored higher on measures of depression and anxiety than did those who 
reported never having experienced such abuse.  Schaaf and McCanne (1998) provided further 
supporting evidence in their study of the relationship between childhood sexual and/or physical 
abuse, and adult victimisation and PTSD.  In their sample of 475 female college students, these 
authors found that those participants reporting a history of combined sexual and physical abuse 
during childhood had significantly higher rates of PTSD and trauma symptoms during 
adulthood, versus those with no reported history of child abuse.  As discussed in Chapter 3 – 
Publication 1 (p 38), one explanation for the association between childhood trauma and 
subsequent PTSD in adulthood may be pathophysiological alterations in neurobiological 
systems of the central nervous system (CNS) due to early life stress or trauma. 
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8.2.2 Psychological trauma and PTSD: associations with adverse birth outcomes 
Our finding of a significant association each between maternal trauma exposure (including IPV) 
and poor infant birth anthropometry (low birthweight and reduced HCAZ scores) is supported 
by a notable evidence base.  In two recent systematic reviews of birth outcomes among women 
exposed to IPV (Shah et al. 2010; Boy & Salihu 2004), it was reported that low birthweight and 
preterm birth each were significantly increased among exposed women, versus those with no 
reported exposure.  Our finding of reduced HCAZ scores in infants of trauma-exposed mothers 
is also of public health concern, given the suspected association between reduced head 
circumference at birth and poor health and development in later life (eg. Barker et al. 1993; 
Wright & Emond 2015). 
Importantly, maternal PTSD was not found to be significantly associated with adverse birth 
outcomes.  This is in contrast to one recent prospective three-cohort study (Seng et al. 2011 – 
see Chapter 3 – Publication 1, p 25); and to a large–scale analysis of data from Michigan 
Medicaid claims between 1994 and 1996 (Seng et al. 2001) showing that 2,219 female 
recipients of childbearing age had PTSD.  In this study, birth outcomes significantly associated 
with maternal PTSD included ectopic pregnancy, spontaneous abortion and preterm 
contractions.  However, our findings are in line with one large study of the effects of PTSD on 
pregnancy outcomes (Rogal et al. 2007).  In their investigation of 1,100 pregnant women 
recruited from prenatal clinics in inner-city New Haven, Connecticut, USA, these authors found 
that while the prevalence of low infant birthweight was 6.5% in their sample, this was not 
significantly associated with a maternal diagnosis of PTSD during pregnancy (after adjustment 
for potential confounders).  However, the low prevalence of PTSD (3%) in this sample, as well as 
other methodological limitations, may have biased the results. 
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8.2.3 Psychological trauma and PTSD: associations with poor infant 
neurodevelopment 
To date, the association between maternal trauma or PTSD and poor infant neurodevelopment 
has not been studied widely.  To the best of our knowledge, this thesis is the first to examine 
specifically this relationship.  A large number of animal and human studies (see eg. Beydoun & 
Saftlas 2008; Talge et al. 2007; Dunkel Schetter & Tanner 2012; Van den Bergh et al. 2005) have 
suggested a link between prenatal maternal stress, and disturbed behaviour and development 
in the offspring.  This association likely is underpinned by the foetal programming hypothesis 
(see Talge et al. 2007), ie. that exposure to a stressful environment in utero can alter foetal 
development during particularly sensitive periods, thus permanently altering phenotype.  It is 
understood widely that such maternal stress is transmitted to the foetus via two key 
physiological pathways (Kinsella & Monk 2009; Talge et al. 2007) – see also Chapter 3 – 
Publication 1 (p 40).  First, stress-induced HPA-axis hyperactivity may result in elevated 
maternal cortisol levels.  As approximately 10% to 20% of maternal cortisol is thought to pass 
transplacentally to the foetus (Gitau et al. 1998; Glover et al. 2009; Kinsella & Monk 2009), this 
may be above threshold to exert an adverse effect on foetal development.  Second, anxiety and 
stress in pregnancy may be associated with reduced blood flow (high arterial resistance) in the 
uterine arteries (Teixeira et al. 1999), thus impairing circulation to the foetus.  This mechanism 
may be mediated by sympathetic adrenal activation and increased plasma noradrenaline, as 
has been demonstrated in early animal studies (eg. Fried & Thoresen 1990).  Further work in 
human study populations would be useful to investigate further this neurobiological 
mechanism. 
8.2.4 PTSD: genetic risk factors and susceptibility 
To date, most studies investigating genetic risk factors for PTSD having utilised a candidate gene 
association approach (see Almli et al. 2014).  The selection of most studied genes has been in 
line with the current neurobiological understanding of PTSD (eg. Heim & Nemeroff 2009), 
focusing on the HPA-axis, the ascending brainstem locus coeruleus noradrenergic system, and 
the limbic amygdalar frontal pathway (which mediates fear processing) (Nievergelt et al. 2015) - 
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see also Chapter 7 – Publication 5 (p 120, 122).  It is likely that the overall genetic risk for PTSD 
comprises small effect-size contributions from a number of individual genetic markers 
(Rothbaum et al. 2014).  Genetic variants which have demonstrated promising associations with 
PTSD include SNPs of the FKBP5 gene (regulating glucocorticoid receptor sensitivity), which 
have been found to interact with child abuse severity in predicting PTSD symptoms in 
adulthood (Binder et al. 2008); CRHR1 (corticotropin releasing hormone type 1 receptor), which 
mediates stress responses and may be associated with symptoms in hurricane-exposed adults 
(White et al. 2013); and PACAP (pituitary adenylate cyclase-activating polypeptide), a highly 
conserved VIP/secretin/glucagon peptide, which regulates the cellular stress response with its 
PAC1 receptor and has been found to be significantly associated with PTSD in females (Ressler 
et al. 2011; Vaudry et al. 2009). 
Four genome-wide association studies (GWASs) in PTSD have been published to date (see 
Nievergelt et al. 2015).  One focused on European-American (EA) populations (Logue et al. 
2013); another looked primarily at African-American (AA) women (Guffanti et al. 2013); the 
third included both EA and AA individuals (Xie et al. 2013), but only yielded significant signals in 
the EA sub-population; and the fourth (Nievergelt et al. 2015) comprised a multi-ethnic analysis 
across multiple ancestries.  While a number of novel risk genes for PTSD were implicated in 
these studies, there is an ongoing need for such large-scale whole-exome studies to be 
conducted in LMIC countries such as South Africa, in order to elucidate potential susceptibility 
loci in our unique genetic populations.  However, the cost of such innovative approaches is 
often prohibitively high in these settings.  Thus, use of the PsychArray BeadChip (“PsychChip”) - 
a cost-effective, high-density, GWAS-based microarray – may hold promise for future work in 




A number of limitations temper the findings of this thesis.  First, despite utilising data from a 
large birth cohort study, the sample sizes in each sub-analysis were relatively small.  Thus, there 
may have been limited power to detect small, but significant, association effects.  Second, the 
assessment of psychological trauma exposure and lifetime PTSD symptoms in this cohort was 
dependent largely on participant recall.  Thus, intentional or unintentional under-reporting may 
have biased the results.  By the same token, physiological symptoms of pregnancy and the 
peripartum may have been misattributed by participants to psychopathology, so increasing the 
risk of false positive diagnoses.  Third, while participants were assessed for major depression, 
this disorder was not included as an outcome measure.  Given that PTSD and depression are 
known to be highly co-morbid (eg. Kessler et al. 1995; Breslau et al. 2000), and may share 
common genetic liabilities (Sartor et al. 2012), examination of a complex PTSD-depression 
outcome variable in future studies may be worthwhile.  Fourth, the Bayley Scales of Infant and 
Toddler Development, Third Edition (Bayley-III) used to assess neurodevelopmental outcomes 
in this cohort have been criticised for their global measurement of milestones, as well as their 
poor correlation with intelligence tests in later childhood (see Van den Bergh et al. 2005).  In 
future, a more direct assessment of developmental outcomes may be undertaken using 
neuroimaging techniques and/or neuroendocrine markers.  Fifth, the effects of the gender of 
the index infants were not examined specifically here.  As there is some evidence to suggest 
gender differences in susceptibility to the adverse effects of maternal stress and anxiety (Van 
den Bergh et al. 2005; García-Cáceres et al. 2010), these data would enhance future analyses.  
Sixth, while unmeasured confounders may have contributed to our study findings, we 
attempted to minimise residual confounding by adjusting for key variables such as study site 
and SES.  Finally, the candidate gene approach described in Chapter 7 – Publication 5 (p 122-
123) is limited inherently by its insufficient coverage of potentially high-risk genes, and its 
inability to identify new genes without prior knowledge (Amos et al. 2011; Evans et al. 2012). 
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8.4 Value of the current thesis and recommendations for future work 
Despite its limitations, this thesis provides strong evidence for the adverse sequelae of 
psychological trauma and PTSD in a South Africa birth cohort.  The inclusion of two sub-
populations (Black African, Xhosa-speaking; and Mixed-Race, Afrikaans-speaking) from a poor, 
peri-urban community, is representative of much of South Africa’s sociodemographic 
composition (SADHS 2003).  Examination of these understudied populations with unique 
ancestries is of utility both to public health and genetic research.  Further, consideration of 
different subtypes of trauma (including childhood trauma and IPV) across varied time periods 
(eg. recent versus lifetime exposure), as well as important potential confounders (such as 
depression, substance use and study site), provides a good basis for inferring associations about 
effects on birth and infant neurodevelopmental outcomes.  The higher prevalence of PTSD in 
this cohort than has been reported previously (eg. Rogal et al. 2007) provided good power to 
detect significant effects, thus potentially countering the relatively low study sample sizes.  The 
clear distinction between exposure and control groups in these studies also strengthened the 
tests of association.  Finally, inclusion of prospective, longitudinal data allowed an assessment 
of the transgenerational effects of maternal trauma and PTSD. 
In future, further large population-based cohort studies conducted in LMIC settings such as 
South Africa would be helpful to address the current research gap.  As the vast majority of 
current work focuses on Western, Educated, Industrialised, Rich and Democratic (WEIRD) study 
populations, there is a need to bolster research in non-WEIRD sites.  In particular, more 
sophisticated genetic approaches, and the inclusion of objective measures such as stress 
biomarkers and neuroimaging would be beneficial.  Intervention studies should be undertaken 
also to assess (new and existing) pregnancy-specific trauma and PTSD programmes which 
should be feasible and culturally appropriate.  These may include screening for trauma 
exposure and PTSD symptoms during antenatal appointments (a time during which surveillance 
and follow-up is routine); psychoeducation of primary care health professionals working with 
pregnant women and new mothers; and support programmes aimed at reducing maternal 
stress and anxiety (eg. cognitive-behavioural treatments – Van den Bergh et al. 2005; 
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Facchinetti et al. 2004).  Longitudinal studies of the effects of maternal trauma or PTSD on later 
child and adolescent health and development would be of value also. 
8.5 Conclusions 
The key findings of this thesis emphasise that the psychological health of pregnant women and 
new mothers may have far-reaching consequences on foetal, infant and child well-being.  
Improved detection and intervention programmes for trauma and PTSD during pregnancy and 
the peripartum thus should be an immediate goal in South Africa and other LMIC countries.  
Such interventions should be prioritised along with existing initiatives to reduce maternal and 
child morbidity and mortality.  Up-to-date empirical data from LMIC settings such as South 
Africa are needed not only to inform contextually-appropriate health promotion campaigns, but 
also to encourage support from governmental sectors and private donors.  Ultimately, a focus 
on the predictors of poor growth and developmental outcomes in infancy and early childhood 
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DSM-5 CRITERIA FOR PTSD 
 
A Exposure to actual or threatened death, serious injury, or sexual violence in one (or more) of 
the following ways: 
1. Directly experiencing the traumatic event(s). 
2. Witnessing, in person, the event(s) as it occurred to others. 
3. Learning that the traumatic event(s) occurred to a close family member or close friend. In 
cases of actual or threatened death of a family member or friend, the event(s) must have 
been violent or accidental. 
4. Experiencing repeated or extreme exposure to aversive details of the traumatic event(s) 
(e.g., first responders collecting human remains; police officers repeatedly exposed to details 
of child abuse). 
Note: Criterion A4 does not apply to exposure through electronic media, television, movies, 
or pictures, unless this exposure is work related. 
 
B Presence of one (or more) of the following intrusion symptoms associated with the traumatic 
event(s), beginning after the traumatic event(s) occurred: 
B1. Recurrent, involuntary, and intrusive distressing memories of the traumatic event(s). 
B2. Recurrent distressing dreams in which the content and/or affect of the dream are related to 
the traumatic event(s). 
B3. Dissociative reactions (e.g., flashbacks) in which the individual feels or acts as if the 
traumatic event(s) were recurring. (Such reactions may occur on a continuum, with the most 
extreme expression being a complete loss of awareness of present surroundings.) 
B4. Intense or prolonged psychological distress at exposure to internal or external cues that 
symbolize or resemble an aspect of the traumatic event(s). 
B5. Marked physiological reactions to internal or external cues that symbolize or resemble an 
aspect of the traumatic event(s). 
 
C Persistent avoidance of stimuli associated with the traumatic event(s), beginning after the 
traumatic event(s) occurred, as evidenced by one or both of the following: 
C1. Avoidance of or efforts to avoid distressing memories, thoughts, or feelings about or closely 
associated with the traumatic event(s). 
C2. Avoidance of or efforts to avoid external reminders (people, places, conversations, activities, 
objects, situations) that arouse distressing memories, thoughts, or feelings about or closely 





D Negative alterations in cognitions and mood that are associated with the traumatic event(s), 
beginning or worsening after the traumatic event(s) occurred, as evidenced by two or more of 
the following: 
D1. Inability to remember an important aspect of the traumatic event(s) (typically due to 
dissociative amnesia and not to other factors such as head injury, alcohol, or drugs). 
D2. Persistent and exaggerated negative beliefs or expectations about oneself, others, or the 
world (e.g., “I am bad,” “No one can be trusted,” “The world is completely dangerous,” “My 
whole nervous system is permanently ruined”). 
D3. Persistent distorted cognitions about the cause or consequence of the traumatic event(s) 
that lead the individual to blame himself/herself or others. 
D4. Persistent negative emotional state (e.g., fear, horror, anger, guilt, or shame). 
D5. Markedly diminished interest or participation in significant activities. 
D6. Feeling of detachment or estrangement from others. 
D7. Persistent inability to experience positive emotions (e.g., inability to experience happiness, 
satisfaction, or loving feelings). 
 
E Marked alterations in arousal and reactivity associated with the traumatic event(s), beginning 
or worsening after the traumatic event(s) occurred, as evidenced by two (or more) of the 
following: 
E1. Irritable behavior and angry outbursts (with little or no provocation) typically expressed as 
verbal or physical aggression toward people or objects. 
E2. Reckless or self-destructive behavior. 
E3. Hypervigilance. 
E4. Exaggerated startle response. 
E5. Problems with concentration. 
E6. Sleep disturbance (e.g., difficulty falling or staying asleep or restless sleep). 
 
F Duration of the disturbance (criteria B, C, D, and E) is more than 1 month. 
 
G The disturbance causes clinically significant distress or impairment in social, occupational, or 
other important areas of functioning. 
 
H The disturbance is not attributable to the physiological effects of a substance (e.g., medication, 
alcohol) or another medical condition. 
 
With dissociative symptoms (with either depersonalisation or derealisation). 
 
With delayed expression: if the full diagnostic criteria are not met until at least 6 months after the 
event (although the onset and expression of some symptoms may be immediate) 
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